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PEKFACK, 



AVhich waK fiiwl, Matter or l''oi'(;o7 If \vo 
tliink on this question, wc sliftU find tliat wc 
arc unable to conceive of matter without force, 
or foi-cc witliout matter. 'Wlicn God created 
tlic elements of which tlic earth is composed. 
Ho created certain -woiidroua forces, which ai'o 
set free and beeome evident when matter acts 
on matter. All these forces, with many diftcr- 
enecs, have much in common, and if one is set 
fi-cc it will imTncdiately endeavor to free lis 
companions. 'J.'hus iicat will ciiabio iis to elim- 
inate light, electricity, magnetism, and chem- 
ical action; chemical action will educe light, 
electricity, and heat; in this way wo find that 
all the forces iii nature tend to form mutually 
dependent systems, and as tho motion of one 
star af&ols another, so foi-co in action liberates 
and renders evident forces previously tranquil. 

AVe say tranquil, and yet the word is almost 
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wiiliout meaning iti tlic Cosmos j wlioro do wc 
fnid LraTiqiiillity ? 'I'ho sea, tlic scat of animal, 
vegetable, and mineral changes, is at war with 
llio earth, and the air Icmls ilaclf to llio strife, 
't'lio globe, tlio scene of" jicrpetual intestine 
cliaiigc, is, as a mass, acting on, and acted on 
by the otlicr i)Ianots of onr system, and the 
very system itself is changing its place in space 
under the inlhionee of u known foixio springing 
from an iniknown centre. 

]''or many years past the :i';nglish public have 
had the privilege of listening to the diseouracs 
and speculations of I'rofessor Favaclay, at tho 
Hoyal Institution, on Matter and l''orecs, and it 
is not too much to say that no lecturer oiV 
-I'hysical Science since the time of Sir 1 ftun- 
phrcy Uavy lias been listened to with more 
delight. 'I'lie pleasure which all derive from 
the expositions of l<'araday is of a somcwiiat 
dirtci-cnt kind to that produced by any other 
philosopher wlioso leoturcs wo have ever at- 
tended. ;[t is partially derived front his ex- 
treme dexterity as an operator- -with him wc 
liave no chance of apologies for an unsuecssful 
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experiment, no hanging fire in the midst of fi 
scries of brilliant deinoiistr.Uions, producing 
tliat depressing tendency akin to the pain folfc 
by an audience at a false note from a vocalist. 
Allis a sparkling stream of eloquence and ex- 
perimental illustration, AVe defy a chemist 
who loves his science, no matter haw often lie 
may iiavc repeated an experiment, to feet iinin- 
tercsted when seeing it done by 3Varaday. 

The present publication prcsenta one or two 
points of interest. In the first place, the Ticc- 
tures were especially intended for young pcr- 
Boiis, and are tlicrcfora as free as possible from 
tcelimcalitics ; ami, in the second place, they 
arc printed as they wore spoken, veiialim d lit- 
o-(ilim. A careful and skillful reporter took 
them down, and the manuscript, as deciphered 
from his notes, was subsequently corrected by 
the editor as regards any scientific points wliich 
wore iiot clear to the short-liand writer; hence 
all that is different arises solely froni the im- 
p(ssibility, alas ! of conveying the manner as 
well as the matter of the lecturer. 

'I,4ic interest ^vhieh was felt in those numbcia 
of the OiiiwiiCAi. Niows in which the lectures 
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ajjpcftrctl was bo gi-cat tliat tlio republication of 
tlicm in a separate form was considered to bo 
almasfc a duty to those young lovers of seiciicc 
to whom a purely clioniieal journal with its in- 
evitable tccliniealitics would bo a sealed book. 
j\tay the readers of these ]"jcctui'cs derive one 
tenth of the pleasure and instruction fi'om their 
pernsal which they gave to those wlio had the 
happiness of liearing them I 

W. C. 
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r,i<;o'i'U].ii'! I. 

Tin: FOKCJ'! Oi;' GKAVITATION, 

It grieves 1110 mueli to think tlmt I may 
]iavo been a cause of disturbance to your 
Gln-istmas ari'angcmcnf-s('), foi' nothing is moi-c 
satisfactory to my mind than to perform what 
1 Hudci'takc; but sncli tilings arc not always 
left to our own power, and we must submit to 
eircmnstanccs as they are appointed. X wi3I 
to-day do my best, and will ask you to bear 
\vitli mc if I am unable to give more than a 
few words ; and, as a substitute, I will endeavor 
to make the ilhistrations of the sonso J' try to 
expi-ess as full as possible; and if wo find by 
tho end of this lecture that wo may bo justified 
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in continuiitg thcin, thinking tliat next week 
our poorer shall Lo greater, why then, witli 
Kubmission to you, -^-o will take such course as 
you limy tliink At, cither to go on ov diseon- 
tinuo them ; and although X now feel niuch 
weakened by tlio pi-essurc of the ilhicss (a jnero 
cokl) upon nic, both iii facihty of expression 
and clearness of thouglit, 1 sliall hero claim, as 
i. always have done on these occasions, the 
right of addi-CHsing myself to the younger mem- 
bci-3 of the audience; and for this purpose, 
thcrofora, unfitted as it may seem for an elder- 
ly infirm man to do so, I will return to second 
ehiltlhood, and become, as it wei^e, young again 
among the young, 

J'lCt us now consider, for a little while, how 
wonderfully we stand upon this world, i I'cre 
it is -wc arc born, bred, and live, and yet wo 
view these things with an almost entire absence 
of wonder to oui-sclvcs respecting the way in 
\\'hieh all this happens. So small, indeed, is 
our wonder, that we arc never taken by sur- 
prise ; and I do think that, to a young pei'son 
of ten, fifteen, or twenty years of ago, pcrliaps 
the fust sight of a cataract or a mountain woukl 
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occasion litni inorc sinprJso than ho Imd cvoi' 
felt concerning Ihc incans of liiss own existence ; 
how lie came Iicio; Jiow ho lives; by what 
incanH lie slands upriglit; and throiigli wliat 
means lie moves about from place to place. . 
Hence, ^vc come iiito this world, \vc live, and 
depart from it, without our thoughls being call- 
ed specifically to consider how all this takes 
place ; and were it not for the exertions of some 
few inquiring minds, M'ho have looked into 
these things, and ascertained the vcryhcauiifiil 
laws and conditions by which wc do live and 
stand upon the cavtli, ■wc should hardly ho 
1 T c tl it tl e a 1 y tl g ^vonderful in 
t J 1 e \ 1 cl 1 'c occupied phi- 

loso] It.'sfo tlecalct lays, when they 
f St bc^ii to f 1 o t ll c h 's by ^vhich wc 
go ale tile joy o selves, up to the 
present time, have shown us that all this was 
effected in consequence of the existence of cer- 
tain forces, or abililt'cs to do things, or potvcfs, 
that arc so commoji that nothing can bo more 
so ; foi; nothing is commoner than the wonder- 
ful jTOwci-s by which wo are enabled to Btand 
upright: they arc essential to our cxiatenco 
every moment, 



iiM=.i>,Googlc 



l(i CiliAVITATlON. 

ll is my purpose to-tlay to make you ac- 
quainted with some of these powois; not t!\c 
vital ones, but some of tlio moro elementary, 
and what we call 'ji^skal powcj-s; and, in the 
oulsct, what can J do to bring to yonr niituls a 
notion of neither more nor less than that whieli 
1 mean by the word ^yower ov force? Suppose 
1 take this sheet of paper, and place ifc upright 
on one edge, resting against a supjiort before 
me (as the roughest possible illuatration of 
sontething to bo disturbed), and suppose I then 
pull this piece of string ■which is attached to it. 
1 pull Uie paper over. I have therefore brought 
into use a iiower of doing so ■^^\o power of my 
hand carried on fln-ough tliis string in a way 
which is very remarkable when wc come to 
analyze it; and it is by means of these pow- 
ers conjointly (for there arc several powci-a 
here employed) that I pull tho paper over. 
Again, i f I give it a push upon the otlicr side, 
i bring into play a powvi; but a very different 
exertion of power from the former; or, if i 
take now this bid of shell-lac |a stick of sholl- 
lao about 12 inches long and 1^ in diameter], 
and nib it with flannel, and hold it an inch or so 
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ill front of itio upper part of this upriglit sheet, 
till) paper is iimncdiatcly moved toward tho 
slicU-lac, and by now dimving tlio latter away, 
tlic pai)cr falls over without having been touclv- 
0(1 by any tiling, '^''ou see, in the fu'St illustra- 
tion 1 produced an effect than which nothing 
could be coininoncr ; 1 pull it over now, not by 
mcana of that string or the pull of my hand, 
but by some action in tliis shcll-lac. 'I.'hc slicli- 
lac, therefore, has a power wherewith it nets 
xipontlic sheet of paper; and, as an illustration 
of the exercise of another kind of power, 1 
might use gunpowder with Avhich to tiirow it 
over. 

Now [ want you to endeavor to comprehend 
that when I am spcaltiiig of a povjcr or force, 
I am spoalung of that ^vhich I used just now to 
pull over this i>iece of paper. 1 will not cin- 
barrass you at present with the name of that 
power, but it is clear there was a sorncMmj in 
the shcll-lac wliich acted by attraction, and pull- 
ed tho paper over; this, then, is ono of thtrae 
things which wo call^;owe/', ov/oi'ce; and you 
mW now bo able to I'ccogiiizo it as such Jn what- 
ever fonn I sliOAvit to you. Wo are not to 
1^ 
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suppose that tlioro are so very many tlifibrcnt 
]io\vci-s ; on tho eontravy, it is wonderful to 
tliink )iow few aro tlic jjowera by wliicli all the 
phciiomcua of nature arc governed, U'hero is 
an ilhistratioii of anotlicr kind of power in that 
lamp; l/iere is a power of iicat -a power of do- 
ing something, but not tlic same power as that 
whicii pulled tho paper over; and so, by de- 
grees, wc find that there are certain other pow- 
ers (not many) in tlic various bodies around us; 
and thus, beginning ^vitli the simplest cxpcri- 
meiila of pushing and pulling, 1 sliall gradually 
proceed to distinguish these power's one from 
tho other, and compare tlio way in which they 
combine together. 'I'liis ^vorld upon which wc 
sland (aitd wo have not inuch need to travel 
out of the world for illustrations of our sub- 
ject; but the mind of man is not confined like 
the matter of his body, and tlnis he may and 
docs travel out\\'ard, for wherever his sight can 
picixrc, there his observations can penetrate) is 
pretty nearly a round globe, having its surface 
disposed ill a nianner of wliieh this terrestrial 
globe by my side is a rough model ; so much 
is laud and so much is wafer; and by looking at 
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it lierc wo sec in a sort of map or picture how 
the world is formctl upon its suvGicc. 'I'lien, 
when we come to cxamino farther, I refer you 
to tliis scetioiial diagram of the geological strata 
of tlie cartli, in whicli tlioro is a more elaborate 
vic^v oC what is honcath the surface of our 
globe. And, wlicn avo conic to dig into or ex- 
ainine it (as man (Iocs for his own insti'ttction 
and advantage, in a variety of ways), we Bco 
tliat it is made np of different kinds of inatter, 
subject to a very few poivers ; and all disposed 
in this straTige and wonderful way, which gives 
to man a ]Hsfory--and such a liistory — as to 
what there is in those veins, in tliose roelcs, the 
ores, tho ^v■atcr-spring8, tho atmosphere around, 
and all varieties of material substances, licld to- 
gether by means o( forces in one great mass, 
8000 miles in diameter, that tho mind is ovcr- 
Avhclmcd in contemplation of the wonderfid 
liistory related by these strata (some of which 
arc fine and thin like sheets of paper), all form- 
ed in succession by the forces of wliich I have 
spolccn. 

1 now shall try to lielp yonr attention to what 
i may say by directing, to-day, our tlionghls to 
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0110 kiiul of power. You sco ivhat 1 mean by 
tlio tcrin ma((er — any of tlicsc tilings lliat I can 
Jay liold of witl\ tho hand, or in a bag (for 1 
may take l>okl of tlio air by inclosing it in a 
bag)- -tlicy aro all portions of inattcr with 
Avhich wo have to ileal at present, generally or 
particularly, m \ may TCquire to illustrate my 
Kubjcet. 1 tero is tlio sort of matter which wo 
call watei- — it is Ihere ice [pointing to a block 
of ice npoii the lablc], there watcr---[poinlingto 
the water boiling in a flaslc] — -here vapor- -you 
SCO it issuing out from the top |bf the flask]. 
Do not suppose that that ice and that water arc 
two entirely different things, or that the steam 
rising in bubbles and aseonding in vapor there 
is absolutely (liflcrcnt from the fluid water: it 
may bo different in some particulaifi, having 
reference to the amounts of power which it con- 
tains; but it is the same, nevertheless, as tlio 
great ocean of water arannd our globe, and 1 
employ it hero for the sake of illustration, be- 
cause if wo look into it we shall find that it 
supplies us with examples of all tlio powers io 
which I shall have to refer. ¥or instance, hero 
is water -it is heavy; but let us examine it 
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wiili regarct lo tlic amouni 6f ils heaviness ov 
i(s gmvity. 1 have before mo a litUo glass ves- 
sel and scales I'ncai'l)' equipoised scales, one of 
which coiifaincd a half-pint glass vessel], and 
the glass vessel is at present the lighter of the 
two ; but if I now lake sonic water and pour it 
in, you sec tliat that side of the scales immedi- 
ately goes down;, that Bhows you (using com- 
mon language, which X will not suppose for the 
present you have hitlicrto applied very strictly) 
that it is heavy, and iC I put this additional 
\vcight into tho opposite .scale, I should not won- 
der if this vessel would iiold water enough to 
weigh ii down. |'J')io lecturer poured more wa- 
ter into the jar, which again went down,J "Why 
do I hold tho bottle aiove the vessel to pour the 
water into it? You will say, because experience 
has taught mo that it is necessary, 1 do it for 
a bettor reason — bceausc it is a law of nature 
that the water should fall toward tho earth, and 
therefore tlie very means wliicli I use to cause 
the water to enter the vessel avo those which 
will carry tho whole body of water down. 
That power is what wo call (jrauibj, and you 
sec ihci'e [pointing to tho scales] a good deal of 
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water gravitating toward tliD eartli. Now here 
[exhibiting a small piece of platinum f )] is an- 
other thing which gravitates towaitl the earth 
US much as thowliolc of that \vator. Sec wliat 
alittlc theroisof it; //i«i littlo thing is heavier 
than so much water [placing the metal in oppo- 
site scales to the -watcrj. "What a wonderful 
thing it is to sec that it requires so much water 
as Ihui \a. half-pint vessel full) to full to^varcl 
the eartli, compared witir the little mass of sub- 
stance I have hci-el And again, if I take this 
JTietal [a bar of aluminium f ) about ciglit limes 
the bulk 'of tlic platinum], wo find the water 
will balance that as ivell as it did tlio platinmn ; 
so- that wo get, even in tfie very outset, an ex- 
ample of what we want to understand by the 
woxAa forces or poiocrs. 

I have spoken of water, and fii'st of all of ila 
property of falling downward: you know very 
well how the oceans Surround the globe- how 
they fall round the surface, giving roundness 
to it, clothing it like a garment; but, besides 
tiiat, tlicre are otlter properties of water, /fere, 
for instance, in some quicklime, and if I add 
some water to it, you will find another power 
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or property in the wfttcr.(^) It is now very- 
hot; itisstcaniiiigiip; and Iconic! perhaps light 
phosphorus or fi hieifer-nmtch with it. Now 
that couUl not happcti without a force in the 
water to proclueo the result ; hut that force is 
cntircly distinct from its power of falling to 
the earth. j\.gain, here is another substance 
[some anhydrous sulphate of copper^)] which 
will illustrate another kind of power. [Tiic 
lecturer here poured some water over tho 
white sulphate of eojipcr, ^vliich immediately 
Ijccaine blue, cvolviTig considerable Iicat at the 
same time.] Hei'c is tJio same water with a 
substance ^vhich heats nearly as much as llio 
lime docs, but see how differently. So great 
indeed is this lieat in the case of lime, that it 
is sufTicicnt sometimes (as you see Irerc) to set 
wooti on fire ; and this explains wliat we have 
sometimes heard, of barges laden with quick- 
lime taking firo in the middle of the river, in 
consequence of this power of licat brought into 
play by a leakage of tho water it\to tho barge. 
You sec how strangely diflcrcnt subjects for 
our consideration aviso when wo come to tliinlc 
over these various inattoi's— -tho power of heat 
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evolved by acting upon limo ^^■itll water, and 
tho power wliicli -water Itas of turning this m\t 
of copper from wltito to blue. 

'\ ivant you now to imdorstand the nature of 
the most simple exertion of this power of mat- 
ter called u-ciff/U or gmmlij. Jiodtcs arc ]icavy ; 
you saw that in tho case of ivatcr when I placed 
it iu the halaiico. Jlero I have what we call a 
vxujht [an iron half c\vt.]—a thing called a 
weight, because in it tho exereiso of that power 
ot pressing dowjiwavd is cspceiaDy used for tho 
purposes of weighing; and I have also one 
of thcsc' little inflated India-rubber bladders, 
^v)lich aro very boautiftd although very eom- 
ition (most beautiful things aro eoinnion), and X 
am going to put the i^eight upon ii, to give you 
a sort of illustration of tho downward pressure 
of the iron, and of the power which the air pos- 
sesses of resisting that pressure ; it may burst, 
but we must try to avoid that. |. During tho 
Jost few observations the lecturer Iiad sueeeed- 
ed in placing the half cwt. in a state of qui- 
CKccnce upon the inflated fudia-rubbcr ball, 
which consequently assumed a sliopo vcvy 
juuch resembling a flat cheese with round 
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edges,] '.I'liera you see a bubble of aii' bearing 
Iiair a luindrcd wciglit, and you iniisfc conceive 
for yoni^clvos wlint a wonderful povxr there 
imist bo to pull this Avcighl, downward, to sink 
it thus in tlic ball of air. 

TiCt nic now give you another illiistralion of 
this power. You ]jnow what a pendulum is. 
J", liavc one licrc {fid- 1), and if I set it swinging, 




it will continue to swing to and fro. Now 1 
wonder whether you can toll mc why that body 
oscillates to and fro — that pcnduUun bob, as it 
is sometimes called. Observe, if I hold the 
straight stick horizontally, as high as the posi- 
tion of the ball at tlio two ends of its journey, 
you sec that tlio ball is in a higher position at 
the two extremities than it is when in tho 
middle. Starting from one end of the stick, 
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the ball fitlls toward the cciitro, atid tlioti Tising 
again to the opposito end, it constantly tries to 
fall to (ho lowest point, swinging and viljrating 
jnoBt beautifully, and with wonderful proper- 
ties in olhcr respects— the time of its vibration, 
and so on- but conccrniug which wc \vill not 
now trouble ourselves. 

If a gold leaf, or piece of thread, or any 
other substance wore liung wlierc this ball is, 
it wonld awing to and fra in the same manner, 
and in the same time too. Do not be startled 
at this statement; 1 repeat, in the same manner 
and in the same time, and you will sec by-and- 
by Koiv this is, Now that power which caused 
the ^vatcr (o descend in tho balance- -which 
jnadc the iron weight press npon and flatten 
the bubble of air- -wliich caused the swinging 
to and fro of the pcndultim, that power is en- 
tirely due to the attraction which there is be- 
tween tho falling body and tlio earth. JiCt lis 
bo slow and careful to comprehend this. It is 
not tliat the earth has any parltcuMr attraction 
toward bodies ^vhicK fall to it, bxit, that aU 
these bodies possess an attraction every o.no 
toward the other. It is not that tho earth has 
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any fiijccinl power wliich thcso halls tlicniselvcs 
have not; for just as inuch power as the earth 
has to attract these two balls [dropping two 
ivory balls], just so much power have they in 
pi-oportioii to their bulks to draw themselves 
one to the otlier; and the only reason why 
they fall so quiekly to the earth is owing to its 
j;rcatcr size. Now if X were to place these 
two balls near together, I should not bo able, 
by the most delicate arrangement of apparatus, 
to make you, or myself, sensible that these bulls 
did attract one another ; and yet wc kno'w that 
such is the case, bccanso if, instead of taking a 
small ivory ball, we tako a mountain, and put 
a ball like tliis near it, wc find tliat, owing to 
the vast siiie of the mountaiii as coinparccl with 
the billiard ball, the latter is drawn slightly 
towaitl it, showing clearly that an attraclion 
does exist, just as it did between the shclMac 
which I rubbed aisd the piece of paper which 
was overturned by it. 

"Now it is not very cosy to make these things 
qnitc clear at the outset, and I must take care 
not to leave any thing unexplained as 1 pro- 
ceed, and, therefore, I must make you clearly 
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iiiidcVMland tliat all bodies arc ailraclcd to tlio 
cai'th, or, to uho a mora learned ieviii, gmvikde. 
Yon win not mind iny using this word, for 
when 1 say that tliis pcimy-piccc gravitates, I 
mean nothing more nor IcKSi than that it falls 
toward tlio earth, and, if not intercepted, it 
woidd go on fulling, falling, until it arrived at 
what wo call the centre ofrimvity of the earth, 
irliiuK I -lYill o«.jjIftii\ to yoit Lj'-ftntl by. 

f. want you to iindcrstand that this property 
of gravitation is never lost; that every sub- 
stance poKSCSSCS it; that there is never any 
change in the quantity of it ; and, first of all, ( 
will fake as illustration a piece of marble. 
Now this marble has weight, as you will seo if 
1 lint it in these scales ; it weighs tho balance 
do\ui and ifTtal c it off the bihnco {Ofsbncl 
agiin and icsnmes its cqnihbimm I cin dc 
compose tint nmblc ind c-hinf^o it in tho inro 
nnnnri is 1 cm clnn ,o ice into m atci md 
\\itei into stciin I ciii con\cit a piit ol it 
into itb oiJti steam ciiily, nmt show jou lh)l 
tin's steam fiom the miiblc Ins tho piopcit^ 
of letmiiimj; m tho sinic phco nt common 
tcinpciatiues winch taatu steam lias not It 1 
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mUl a little liquid to tlic marble and decompose 
)!{"), t gol tliKt which you scc--[(.lio lettuixsr 
jicrc put several huiips of luavblo into a glas) 
jav, and poured water and then acid over tlicni ; 
tho caibouic acid immediately commenced to 
Ofioapo ^vith conKiderablc encrvcsccnce | - -the 
appearance of boUhij;, which is only the wepa- 
ration of one part of tlie marble from auoUier. 
Now this [marble] steam, and that |>vater] 
steam, and all other Btcams, <jruv!la(c just like 
any other substance does ; they all arc attract- 
ed tlic one toward the otlier, and all fall toward 
tlie cartli, and wliat 1 want you to see is tliat 
(his steam gravitates. J have here {fi'j. 9) a 




largo vessel placed upon a balaneo, and tho 
moment 1 jwur this steam into it you sco that 
the steam gravitates, Just watch the index, 
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antl sec ^y]lcthci• it.lilts over or Jiot. [The Ico- 
tiircr hero poured tho carbonic acid out of the 
glnw) in whicli it was being generated into the 
vessel suspended on the balance, when the 
gravifation of fho carbonic acid was at once 
apparent.] ,V.ook how it is going down, How 
pretty that is I 1^ poured notliing in but tho 
invisible steam, or vapoi', or gas which came 
from tlio marble, but you see tliat part of 
tho inarblc, although it has taken the shape 
of air, still gravitates as it did before. Now 
will it weigh down that bit of paper? I'plac- 
ing a piece of paper in tho opposite scale.] 
Yes, more than that ; it nearly weighs down 
this bit of paper jplacing anotlier piece of 
paper in'|. And thus you see that ofker forms 
of matter besides solids and liqnids tend to fall 
to the eartli ; and, therefore, you will accept 
from mo the fact that all things gravitate, 
whatever may bo their form or condition. 
Now here is anotlier chemical test whicit is 
very readily applied. [Some of tlio carbonic 
acid was poured from one vessel into another, 
and its prcBCiico in tho latter shown by intro- 
ducing into it a llglitcd taper, which was im- 
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mediately cxtingwishctl.] Yon see froni this 
result also that it gi'avitatcs. All these cxpcvi- 
mcnts show you that, tiicd by the balance, tried 
by pouring iiltc water from ono vessel to tin- 
other, this steam, or Yapor, or {jas is, like all 
other things, attracted to the earth. 

There is another point 1 want in the next 
place to draw your attention to, 1 have hero 
a quantity of sliot j each of tlicsc falls separate- 
ly, and each has i(s own gravitating power, as 
yon perceive when T let them fall loosely on a 
sheet of paper. If i put tlicm into a bottle, 1 
coHcct them together as one mass, and pliiloso- 
pliers have discovered that there is a certain 
point ill the middle of tho whole collection of 
shots that may bo considered as the one iminl 
in which all their gravitating power is centred, 
and that point they call the centre of graviUj; 
it is not at all a bad name, and rather s, sliort 
one-— tho centre of gravity. Now suppose I 
take a sheet of pasteboard, or any other thing 
easily dealt with, and run a bradawl thraugh it 
at one corner, a {fuj. 3), and Mr. Andei"son liold 
that up in his hand befoi-c ns, and I then tako 
apiece of thread and an ivory ball, and hang 
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tlmt upon tlio awl, tlicii tlic centre of gravity 
of both the pnstcboavd and the ball aiid stvinjj 
arc as near as they can get to the centre of tlic 
earth ; that is to Bay, tl\e whole of tho attract- 
ing po\vcr of the earth is, as it -were, centixKl in 
a single point of the caixlboard, and this poiirt 
is exactly below the point of suspension. All 
I. have to do, therefore, is to draw a line, A n, 
correspond! i(g with the string, and wc shall 
find that tlie cciitro of gravity is sonrcwhcrc in 
tliat line, liut wlrcre? To find that out, all 
we have to do is to take another place for tlio 
awl {fi(j. 4), hang the plumh-liuc, and make tho 
same experiment, and there [at tho point oj in 
tho centre of gravity- -there where tlictsvo lines 
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whioJi I have trAccd cross cacli other; and if I 
take Umt pasteboard, and make a liolc witli tlic 
bmdawl tlirough it at that point, you will kco 
that it will bo siippoiicd in any position in 
which it may be placed. Now, knowing that, 
what do I do wlicn I try to stand upon ono 
leg? :i3o you not sec that I push myself over 
to the left side, and quiptly take rip the right. 
Icfj, and thus bring soinc central point in my 
body over this loft leg? What is that point 
which I tlivow over? You will know at once 
that it is the centre of gmvil>/— that point in me 
where tho whole gravitating foi-co of my body 
is centred, and which J thm bring'in a lino 
over niy foot. 

Here is a toy X happened to see the other 
day, which will, ^C think, serve to illustrate our 
subject very well. 'I'hat toy ou^M to lie some- 
thing in this manner {fy. 5), and would do bo 
if it wcro unifornr in substance; but you see it 
does not; it will get up again. And now phi- 
losophy comes to our aid ; and I am perfectly 
sure, without looking inside the figure, that 
there is somo arrangement by which the centre 
of gravity is at the lowest point ^vhcn the im- 
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fij^o is Rtaiid 1 1 g] t a 1 c ay 1 o co 
tain, wlicnla ll ( t ovc (00/76)1! at] 
am lifting up tliG centre of gravity («), and rais- 
ing it from tlio earth. All tliia is cOtcotcd by 
putting a pieco of lead inside tltc lower part of 
tlio image, and making tlio base of largo curva- 
ture, and tlicro you Itavc tiro wliolo seofct. 
Ikit wliat will hajipon if I try to mako the fig- 
ure stand upon a sharp point? You observe 
I must got that point exactly under the centre 
of gravity, ov it m\\ fall over tluis [endeavoring 
iinsHcccfisfully to 'balance it] ; aud this, you sec, 
is a difTicult matter; T can uofmakc it stand 
Btcadily ; but if I cmbavrass this poor old lady 
with a world of trouble, and hang this wire 
with bullets at each end about her neck, it \a 
vei'y evident that, owing to there being thoSo 
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balls of lead hanging down on citlior side, in 
addition to the lead inside, 1 have lowered the 
centre of gravity, and now she will stand upon 
this j.)oint {fi(/. 7) ; and, ■wlial in more, she proves 




the tvuth of our philosophy by standing side- 
ways. 

I rcmcniber an cxpcrimoiit which puM/.lcd 
jne very much when a hoy. I read it in a. con- 
juring hook, and this wafj how the problem was 
put to lis: "llow," as tho book said, "how to 
hang a pail of water, by means of a stick, xipon 
the .side of a table" (ft;/. 8). Now 1 have hero 
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.1 tabic, a piece of .slick, and a i>a!], and tlio 
proposition ),s, how can tliat pail bo liung to tlio 
oclgc of tbis table? It is to be done, nnd can 
yoii at all anticipate what avrangcniont I Hliall 
make to enable me to snccccd? Wliy tliis, 1 
take a stick, and put it in the pail between the 
bottom and tho horizontal piece of wood, and 
thus give it a stiff handle, and there it ia ; and, 
what ia more, tlio more water X put into the 
pail, tho bottcv it will hang. It is very true 
that before' I qwito succeeded I )iad the misfor- 
tunc to pitsli tlio bottoms of several paila out; 
but here it is Iianging ftrmly {/ii/. 9), and you 
now SCO liow you can liang up tho pail in tho 
way Avhicli tho conjuring booka require. 
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Again, if you arc really KO inclined (and 1 do 
liopo all of you arc); you will find a great deal 
of ijliilosopliy in tins [holding up a cork and a 
pointed tliin stick about a foot longj. Do not 
refer to your toy-books, and say yon liav'e seen 
that before. Answer mo rather, if I ask you, 
have you nnderslood it Ijcforc? li is an ex- 
periment wliich appeared very -wonderful to mo 
when I was a boy. I used to fake a piece of 
cork (and I remember I thought at Ai-st that 
it was very important that it should be cut out 
in the shape of a man, but by degrees I got rid 
of that idea), and the problem was to balance it 
on the point of a stick. Now you will see I 
liavo only to place two sharp-pointed sticks ono 
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on each side, atitl give it Avings, tluis, and you 
will find tliis bcaiitifitl condition fliiriilci:!. 

Wo conio now to aiiotlior poitit. All bodies, 
wlietiier Iioavy or light, full to tlio earth by this 
force whicli wc call gravity. By observation, 
moreover, wo nee that bodies do !iot occupy tlio 
satno tlTno in falling; X think you will bo able 
to ecc that this picco of paper aud that ivory 
ball fall with different velocities to tho table 
[dropping them] ; and if, again, 1 take a feather 
and an ivory ball, and lot thcni fall, yo\i sec 
they reach tho tabic or earth at dilfcrciib times ; 
that is to say, tho ball falls faster than tho 
feather. Now that should not bo so, for ail 
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bodies do fall equally fast to the cuth. 'J'hcro 
aro ono ov two beautiful points included in tliat 
stfitcmciit. IHist of all, it is manifest that an 
ounce, or a pound, or a ton, or a thousand tons, 
all fall equally fasl^ no one faster than anotlicr: 
hero aro two balls of lead, a very light one and 
a very licavy one, and you perceive tlicy both 
fall to tlie earth in the sanic time. Now if J 
were to put into a little bag a nunibcr of these 
balls sufficient to niako up a bnlli equal to t)io 
largo one, they would also fall in the same 
time; for if an avalanche fall from the mount- 
ains, the TOoks, snow, and ice, togofchor falling 
toward the earth, fall with tlie same velocity, 
whatever bo their bizc. 

I can not fake a better illustration of this 
than that of gold leaf, because it brings before 
us the reason of this apparent dii&rence in tho 
time of the fall, llcvc is a piece of gold leaf. 
N'ow if I lake a lump of gold and tins gold 
leaf, and let them fall through tlio air together, 
you see that tho lump of gold—- the sovereign 
or coin— will fall mucli faster tlian the go0 
leaf. But wliy? ' 'J'liey are both gold, whether 
Bovei-eign or gold leaf. Wliy should thoy not 
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fall to the oart)i -with tlic same quickness? 
They would do so, but tlmt tlic air aroiind our 
globe intcrfcvcs very much where wc liavc the 
piece of gold ho extended and enlarged as to 
offer jniieh obstruction on falling through it. 
1 will, however, sKow you that gold leaf rfocs 
fall as fast wlicn the rcsistanco of the air is ex- 
cluded ; for if 1 talfc a piece of gold leaf and 
Iiang it in the centre of a bottle, so that the 
gold, and the bottle, and the air within shall 
all have an equal chance of falling, then the 
gold leaf Aviil fall as fast as any thing else. 
And if V sHspond the bottle containing the gold 
leaf to a string, and set it oscillating like a 
pcndnUun, I may make it vibrato as hard as X 
please, aTid the gold leaf will not be disturbed, 
but will swing as steadily as a piece of iron 
would do ; atid I might even swing it round 
my head with any degree offeree, and it would 
remain undisturbed. Or 1 can try another 
kind of experiment: if I raise the gold leaf in 
this way fpulling the bottle up to the ceiling 
of the thonti-c by n\cans of a cord atid pulley, 
and tlien suddenly letting it fall to within a 
few inches of the lecture table], and allow it 
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then to fall from the ceiling downwftvd (I will 
put Komctliing bciicatli to catch it, supposing 1 
shoiiltl be maladroit), you will perceive that the 
gold leaf m not in tlio least disturbed. 'I'lio i-c- 
sistaiico of tho air having been avoided, tho 
glass bottle and gold leaf all hdl exactly in the 
same time. 

Hero 13 another illu-stratioti ; 1 have liung a 
piece of gold leaf in tho upper part of tliis 
Jong glass vessel, and I liave tlio means, by a 
little arrangement at the top, of letting tho 
gold leaf loose. Before we let it loose wc will 
remove the air by means of an air-pump, and, 
while that is being done, let mo show you an- 
other experiment of tho same kind. 'I'ake a 
penny-piece, or a lialf crown, and a round 
piece of paper a trifle smaller in diameter than 
tho coin, and try tiicin side by side to sec 
whether they fall at the same time fdropping 
them'). You see they do not — the penny- 
pieee goes down firat. But, now place this 
paper flat on the top of the coin, so that it shall 
not n\cet Avith any i-esistancc from tho air, and 
upon then dropping them you see they do both 
fait in tho same time [oxhibiting tho effect]. 1 
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dare Bay, if I woro to put tliis piece of gold 
leaf, instead of the paper, on the coin, it wo\ikl 
do as well. J!t ia very diflieult to lay tlic gold 
leaf so flat that the air shall not get under it 
and lift it up in falling, and I ain rather doubt- 
ful as to the snecess of this), because the gold 
leaf is pHckcry, but wilt risk tlio oxpcnmont. 
'I'licrc they go together I [letting tlieni fall] 
and you sec at oneo that tlicy both roach the 
table at tlio sanic moment, 

Wo have now i>unipcd tlie air out of the 
vessel, and you will jicrceive that tlic gold leaf 
will fall as quickly in this vacuuni as the coin 
docs in the air. X am now going to let it 
loose, and you must watch to see how rapidly 
it falls. ^!.'hcrc 1 [letting the gold loose] there 
it is, falling as gold should fall. 

1 am sorry to see our time for parting is 
drawing bo near. As wc proceed, 1 intend to 
write upon the board behind mo certain words, 
BO as to recall to your minds wliat wo have al- 
ready examined; and I put the word I'dlCKS 
m a heading, and I will then add beneath the 
nama^ of the special forces acconling to the 
order in whioli wo consider tlieni ; and although 
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X fear tliat X liavc not sufficiently pointctl out 
to you tlio more important circumstances con- 
nected with the force of GiiAviTATlON, espe- 
cially the law which govwns its attraction (for 
whicli, I think, I must take up a little time at 
our next meeting), still I will put that word on 
tlic board, and liojjo yon will now rctncmljcr 
that wo have in some .degree considered the 
foree of gmvi(utim—i\mi force wliich causes 
all bodies to attract each otiier wlien they arc 
at sensible distances apart, and tcndts to draw 
tliem together. 



iiM=.i>,Googlc 



OUAVITATION. 



t;mc'j'ubi'S it. 

GltAVI'l'ATION.— COHICSION. 
Do jno tho favor to pay iiic as nuieli atten- 
tion as yo« did at our, last meeting, and I slialt 
not repent of tlmt wliich I liavc proposed to 
xuidcrtako. It will bo impossible for an to con- 
sider the T-aws of Nature, and Avliat tlicy effect^ 
tinlcss wo now and then give our solo atten- 
tion, so as to obtain a clear idea tipon tbo sub- 
ject. Give mo now that attention, and thci\ 1 
trust wo shall not part without our knowing 
something about those laws, and the manner 
in which they aet. You recollect-, \ipon the 
last occasion, I explained that all Ijodies at- 
tracted each other, and that this jiower wo 
called gravitation. 1 told yoii that when wo 
brought tlieso two bodies |"two equal-si'/ed 
ivory balls suspended by threads*) near togeth- 
er, they attracted each other, and that wo might 
suppose that the Avholo power of this attraction 
was exerted between their respective centres 
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of gravity ; a)\tl, furtlicrmore, you learned froi 
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balanced with respect to the carili ; and I need 
not tell you tliat on tlio other side of this world 
the people aro standing and moving about with 
tlieir feet to\vard our feet-, in n reversed posi- 
tion as compared with UxS, and all by means of 
this poivor of gravitation to the centre of tho 
earth. 

I must not, Iiowcvcr, leave the subject of 
gi-avitation without telling you something 
about i!s laws and regularity; and, fws,i, as 
regards its power ^vith respect to the distance 
that bodies aro apart. If I take one of thcso 
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balls and placo it witliin an inch of the other, 
they iittvaet each otlior witli a ccrtnin powoi". 
Jfl liold it at a grcatci: distance ofV, they at- 
tract ivith less powor; and if J hold it at a 
greater distance Btill, tlioir attraction is BtiU less. 
Now this fact is of tlio greatest consequence ; 
for, knowing this law, philosophers have dis- 
covered most woiidorfiil tilings. Yon know 
that there is a plaTiot, Uranus, revolving round 
the sun with uk, but eighteen lumdrcd inilHonsi 
of miles off; and because there is anotlior 
planet as far off as three thousand inilHons of 
miles, this law of attraction, or gravitation, still 
holds good, and pliilosophei's actually discovei'- 
cd this latter planet, Wcptunc, by reason of the 
cilecLs of its attraction at thi.'i ovcrwliolniiiig 
distance. Now 1 want yon clearly to under- 
sland ivhat this law is. ^L'liey say (and they 
arc right) that two bodies attract each other 
inversely as ihe square of the (Uslunce-s, sad 
jumble of words until you understand tlioni; 
but I tJiiiik -we shall soon eoiiiprchcnd what 
this law is, and what is Ibc meaning of (he " in- 
vorao square of the distance." 
I have here {/iff. 11) a lamp, a, shining most 
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intensely xipoii this disc, », o, d; and this ]iglit 
acts as a sun, by which 1 can get a sliaclow from 
this littlo soi'con J! !'■ (merely a square piece of 




card), which, as yon know, wlicn ,1, place it close 
to the large scrGeii,just shadows as much of it 
as is exactly equal to its own size; but now 
let mo take this card, i<i, wliich is equal to tlio 
other one in size, and place it midway between 
the lamp and tlio screen ; now look at the size 
of the siiadow » u— it is four times the original 
H17.C. Kci'C, then, comes the "invci^se square 
of tho distance." This distance, A k, is one, and 
that distance, A ]t, is two ; but that size K being 
one, this siw )J n of sliadow in four instead of 
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ttvo, wliieh is tlio square of tho distance ; and, 
if]; i)ut tho sorccn at one third of tho disfanco 
from the lamp, tlio sliado^v on the largo eorecn, 
would bo nine times tlio sim. Again, if I hold 
this screen hci-e, at li !■', a certain aniouufc of 
light falls on it; and if 1 liold it nearer tho 
lamp at k, more liglit sltine» upon it. And you 
sec at oiico ho\v mneh — exactly tho quantity 
whtoli I have shut off from tho part of tliis 
screen, ]i d, now in shadow ; moreover, you sco 
that if I p\it a KJnglo screen licro, at (i, by the 
side of tUc shadow, it can only receive om/ouHh 
of the proportion of liglit which is obstructed. 
That, then, is what is meant by tho inverse of 
tho square of tho distance. '.Vhh screen ]■; is tho 
briglitest because it is tho nearest, and thei-c is 
tho whole secret of this curious expression m- 
versehf as Otc square of the distance. Kow, ifyou 
oiin not perfectly recollect this when you go 
]tom(^ got a candle and \\wo\f a shado^v of 
something—your profile, ifyou like— on tho 
wall, and then recede ov advance, and you will 
find that your sliadow is exactly, in pix)portion 
to tho square of tho distance you aro off tho 
wall ; and then, ifyou consider how much light 
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shines on you at one (listsmcc, and how niiicU 
at anotlicr, you get tlio iiivcrsc accordingly. 
So it is m regards the attraction of tKcso two 
balls : tlioy attract accoitling to the square of 
the clistaTicc, inversely. I want you to try and 
remcnilicr these \vor(ls, and then you will bo 
able to go into all the calculations of astrono- 
mers as to the ])lanctf! and other bodies, and 
tell why they move so fast, and why they go 
round the sun without falling into it, and bo 
prepared lo enter upon many other interesting 
inquiries of the like nature. 

Let us now leave this subject wiiich I have 
written upon the board under the word Ij'ohcI': 
— GkaVitatios- -and go a. step farther. All 
bodies attract each other at sensible distances. 
1 showed you the eleetric attraction on the last 
occasion (thougji \. did not call it so) ; tliat at- 
tracts at a distance; and in onlcr to make our 
progress a little mora gradual, suppose I take 
a few iron particles [dropping some small frag- 
ments of iron on the tablcj. 'I'herc ! I have 
already told you that in all cases where bodies 
fall, it is the jiarticles that arc attracted. You 
may consider these, then, as separate imrticlcs 
1> 
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liiafiiuficd, so IS to k CMdcnt to vo"r sight; 
they arc loose fioin cich othei they all gravi- 
tate- -they all fill to tho cnith for tho force 
of gravitation leiu fills Now ] have hero a 
centre of powci wluoh I w lU not nimc at pres- 
ent, and when these particles ■wo. placed \ipon 
it, sec what m attnetioii they luvc for each 
other. 

Hero I ha\ o ni iich of n n fill ig^ (/«/. 12) 




regularly InuH up lil o an iion bndgc, because 
i; have put them within asjihcicof lotiouwliich 
will caiiso them to attract each other. Seel 1 
could let a mouse run thitmgh it; and yet, if I 
try to do the same thing with thcn\ hov [on tho 
table], they do not attract each otlier at all. ft 
J8 that [tlic magnet] which makps tlicni hold 
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togotlicr. Now just an titcsc iron particles l»old 
togotlier in tho fonn of an cUiplical bridge, so 
do tlio (liftbront i)avticlcs of iron which consti- 
Uito this nail hold together and make it one. 
And licra is a bar of iron ; wlty, it is only be- 
cause tlio difibrcnt parls of Mis iron aro so 
wrought as to keep close together by tlio at- 
traction between the particl&s tliat it is licld to- 
gether in one mass. It is l(cpt togotlicr, in fact, 
incroly by the attraction of one particle to an- 
other, and that is the point I want now to illus- 
trate. Tf I take a piece of flint, and strike it 
^vith a hammer, and broak it thus [breaking off 
ft piece of the llintj, I have done nothing more 
than separate tho particles which compose these 
two pieces so far apart that tlicir attraction is 
too weak to cause them to liold together, and it 
is only for that reason that there aro now two 
pieces in tho place of one. I will show yon an 
experiment to provo that this attraction docs 
still exist in tliose particles; for here is a piece 
of glass (for what was true of tho flint and tho 
bar of iron is truo of the piece of glass, and is 
true of every other solid— -they aro all held to- 
gether in tho lump by tbo attraction between 
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thoir parts), and I can sliow you the attraction 
between its scparato pavticles; for if I tJikc tliese 
portions of glass whicli I have reduced to very 
fine powder, you sec that I can actually bnild 
thcin up into a soHd wall by jji'cssnrc between 
two (lat surfaces, 'i'iic power Avliich I thus 
liave of building up Uiis wall is dtio to the at- 
traction of the particles, forming, as it were, tlio 
cement which holds thcin togetlicr; and so in 
this case, where 1 have taken no very great 
pains to bring the particles together, you sec 
perhaps a couple of ounc(«i of llnciy pcjundcd 
glass standing as an upright wall : is not this 
attraction most woirderful 7 That bar of iron 
oiKj inch square lias such power of attraction in 
its partielcH -giving to it such strength — that 
it; will hold up twenty ton« weight before the 
little set of particles in the small space equal 
to one division across which ifc caii bo pulled 
apart will separate. In this manner suspen- 
sion bridges and chains arc hold together by 
the attraction of their particles, and I am going 
to make an experiment which will sll0^v how 
strong is this attraction of the particles, ['I'ho 
lecturer licre placed his foot on a looji of wire 
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fastened to a support abovo, and swung with 
his whole weight resting upon it for some mo- 
nicnt^/| You sec, wliilo lianging hero, all my 
weight is supported by tlicac little imrticlcsi of 
the wire, just as in pantomimes they sometimes 
suspend gentlemen and damsels. 

I tow can ■we make this attraction of the par- 
ticles a little nioro simple? 'L'lierc are many 
things which, if brought together properly, will 
sliow this attraction. Hero is a hoy's experi- 
ment (and T like a boy's experiment). Get a 
tobacco-pipe, fdl it with lead, melt it, and then 
pour it out upon a stone, and thus get a clean 
])icco of lead (this is a bettor plan than scrap- 
ing it; scraping alters the condition of the sur- 
face of the lead). X have hcra some pieces of 
lead which I melted this morning for the sake 
of making them clean. No\v these pieces of 
lead hang together by tho attraction of tlicir 
particles, and if I press tlicso two separate 
pieces close together, so aa to bring tlicir pai"- 
ticles within the sphere of attraction, you will 
see how soon they become one. 1 Itavo mere- 
ly to give them a good squccno, and draw tho 
upper piece slightly round at tho same time, 
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ftiul hero they arc as one, mid all tlio bending 
aiul twisting 1 can give thcni will not separate 
them again ; X have joined the lead together, 
not with solder, but simply by moans of the 
attraction of the particles. 

'J'liis, liowcvcr, is not the best way of bring- 
ing those particles together; wc liavo many 
bettor pians than t)iat ; and 1 will sliow you 
one that ^vill do vciy well for juvenile experi- 
niciils. 'I'horc is Homc ahim crystallized very 
beautifully by nature (for all things arc far 
more beautiful in their natiu'al than their arti- 
ficial fo»-m), and hero 1. have some of the same 
ahim brokcTi into fine j)o\vdcr. In it I have 
destroyed that forac of wliich I liavc placed 
the name on this board- -OoiiKSION, or the at- 
traction exerted between the particles of bodies 
to hold tliem togctlior. Now 1 am going to 
show you that if wo take this powdered alum 
and some hot water, and mix them together, .[ 
filiall dissolve the alum; all the particles will 
be separated by the water far more comi>lctcly 
than they arc liero in the powder; but then, 
being in the water, they will have tlic opjjor- 
tunity, as it cools (for ttiat is tlio condition 
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which favovs their coakscciieo) of uniting to- 
gotlior again and forming one masw-C) 

Now, haviiifj In^mglit the aUim into solu- 
tion, 1 will pour it into this gla.«s basin, and 
you will, to-moiTOw, find that Uioso particles 
of alum ^vhich i. liave put into the water, and 
so separated that tlicy arc no longer solid, will, 
as the water cool!*, conie together and cohci'o, 
and by to-morrow morning ^vc shall have a 
great deal of the alum crystallisicd oiit--that is 
to say, come back to the solid form. [_'l.'hc lec- 
turer here poured a littlo of the hot solution 
of alum into the glass dish, and when the Jat- 
ter had thus been made warm, tlio remainder 
of tlio aohition was adctcd.*| 1 am now doing 
that wliieli I advise you to do if you liso a 
glass vessel, namely, warming it slowly and 
gradually ; and in repeating this experiment, do 
as I do — powr the liquid out gently, leaving all 
the dirt behind in the basin ; and romonibcr 
that the Jiiore carefully and quietly you make 
this cxperin\cnt at homo, the better the crys- 
tals. U'o-mori-ow you will see the particles of 
alum drawn together; and if I put two pieces 
of eoke in some part of the solution (tiio eoke 
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oHglit fii-st to be washed very clean, and dvicd), 
you will TitkI to-inon'ow that wo shall liavo a 
bcautifiil cryfifnllizaUon over the coke, making 
it exactly resemble a natural mineral. 

Now how curiously ouv ideas cxijaiid by 
■watehing thcHo conditions of the attraction of 
cohesion! how many jicw phenomena it gives 
us beyond those of tlie attraction of gravita- 
tion! See how it gives us great strength. 
Tho things we deal with in building up the 
structures on the earth arc of strength ■ -wc iiso 
iron, stone, and otlier things of great strength ; 
and only think that all those stmeturcs yon 
have about you- think of tho Great J'hslern, if 
you please, whieli is of snoh size and power as 
to be almost more than man can manage — are 
the rcsnlt of this power of cohasion and attrac- 
tion, 

I Imvc here a body in which I believe you 
will see a-ehange taking place in its condition 
of cohesion at the moment it is mado. It is at 
first yellow; it then becomes afino crimson rctl. 
Jnst watch when I pour these two liqaids to- 
gctlioi^— both colorless as water. |'rhc lecturer 
here mixed together solutions of poreblorido 
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of mercury and iodide of potassium, wlioii ft 
yellow precipitate of biiiiodido of luoi'Cury fell 
down, wliicli almost immediately became erim- 
son rcd.J Now tliore is a substanec wfiieli k 
very beautiful, but; sec liow it is changing color. 
It was rcddish-ycUow at first, biit it lias now 
become rcd.(*) X have previously prepared a 
little of this red substance, which yovi sec form- 
ed in the liquid, and have put some of it upon 
paper I exhibiting several shoots of paper coat- 
ed with scarlet biniodidc of mcrcuryC) |. There 
it is — tlio same substance spread upon paper; 
and there, too, is tho same substance ; and here 
is some more of it (exhibiting a piece of paper 
as largo as the other sheets, but having only 
very little red color on it, the greater part being 
yellow]— -a li/ile more of it, you will say. Do. 
not bo mistaken; there is as much upon tho 
surface of one of these pieces of paper as upon 
the other. AVhat you sco yellow is the samo 
thing as the red l)Ody, only tho attraction of 
cohesion is in a certain degree changed ; for I 
will lake this red body, and apply heat to it 
(you may perhaps sec a littlo smoke arise, but 
that is of 110 conscqucnco), and if you look at 
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it it will first of all darifcn- - -but sec liow it is 
becoming yellow, I Imvo now made it all yel- 
low, anO, wlmt is moi'o, it will remain so ; but 
if I take any liavd substance, and i-iib the yel- 
low part with it-, it will immediately go back 
again to the red condition (cxhibitin;; the ex- 
periment]. Tlicro it )H. You sec the red is 
not jnit buck, but brought hack by the change in 
the substance. Kow [warming it over the 
spirit lamp] hero it is becoming yellow again, 
and that is'' all because its' attraction of cohesion 
is changed. And what will you say to me 
when I tell you that this' piece of coinmon 
charcoal is just the same thing, only differently 
coalesced, as the diamonds which you wear? 
(J have put a specimen oulsido of a piece of 
straw which \vas charred in a, particular way- • 
it is just like black lead.) Now this diarred 
straw, tlii.s charcoal, and thcso diamonds, are 
all of them the same substance, changed but in 
tlieir properties as respects the force of cohe- 
sion. 

Hero is apiece of glass fproducingapieco of 
plate-glass about two inches square] (I shall 
want this afterward to look to and examine its 
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internal coitdition), and hero is roitic of iho 
same sort of glass diftcring only in its power 
of coliesioii, because wiiilo yet molted it has 
been' dropped into cold water |cxiiibiting a 
"rriiicc Knpert's drop"{"') (/y. 13)], and if! 




take one of thcKo Httlo toav-likc pieces and 
break off ever so little from the point, tho whole 
will at once bui-st and fall to pieces. I will now 
break off a piece of this, [The Icctui-cr nipped 
off a small piece from tlic end of one ofKupert's 
draps, whereupon the whole immediately fell 
to piece*!.] Tliero ! you hoo the solid glass has 
suddenly become powder, and moro than that., 
it lias knocked a hole in tho glass vessel in 
which it was held. I can show tho effect bet- 
ter in this bottle of water, and it is very likely 
tho whole bottle will go. [A 6-0!'.. vial was 
filled with water, and a liupcrt's drop placetl 
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ii\ it witli the point of the (ail just projecting 
out; upon breaking the tip ofl', tlic dvop bimt, 
and the Hhock, being transmitted throngli the 
water to the sides of the bottle, shattered the 
iattor to pieces,] 

1 lore is anotlier form of tho saino jtind of 
experiment. X Iiavc Jicto sonio inoro flass 
■\vhicli has not been annealed [showing some 
thick glass vcssols(") (Jifj. 14)], and if.! lake 
one of these glass vessels and drop a piece of 
pounded glass into it (or I will take some of 
these small pieces of rock crystal ; they have 
the advantage of being hauler than glass), and 
so make tlio least scratch wpon tho inside, tho 
whole bottle will break to pieccB"-it can not 
hold together. "jTho lecturer hero dropi)cd a 
small fragment of rock crystal into one of these 
glass vessels, when the bottom immediately 
came o«t and fell upon tho platcj Thei-cl it 
goes through, just ns it would through a sieve. 

Wow 1 have shown you these things for the 
purpose of bringing your minds to sec that 
bodies are not merely licld together by this 
powerof cohesion, bvit that tlicy ai-o hold to- 
gether in very curious ways. And suppase 1 
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take Bomc things tliat arc lickl together by tliia 
force, and examine them more minutely. X 
will iimt take a bit of glass, and if J! give it a 
blow with a hammer J. shall just break it to 
pieces. You 8a^v how it was in the case of the 
(lint when X broke tlie piece off; a piece of a 
similar kind would conic off, just as you wonld 
expect ; and if I were to break it np still more, 
it would bo, as you have seen, simply a collec- 
tion of small particles of no definite shape or 
form, tint sui)posiTig \' take some other thing- - 
this stone, for instance {fiy. 15) [taking a piece 




of mica('')J" -anil if X hammer this Btono 1 may 
batter it a great deal before 1 can break it np. 
I may even bend it without breaking jt~-that 
is to say, ]' may bend it in one ^Kirtkuhr direc- 
tion without breaking it much, although \ feel 
in my hands that I am doing it some injury. 
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JSut now, id take it by Die ctlgcs, I find tlint 
it breaks up into leaf after leaf in a most cxtfa- 
ordiiiavy niannci'. Why slioaW it break up 
like that? Not beeaufio all Btoiics do, or all 
crystals ; for tlicro ia some salt {fi(f. 16) -you 
know what common salt ihC^) ; licrc is a piece 
of thif! salt, which by natural cii'cumstanccs lias 
liad ils jiartiolcs so broiiglit together that they 
have been allowed free opportunity of combin- 
ing or coalescing, and you sliall see wliat hap- 
pens if J take this piece of salt and break it. 
It docs not break as /lint did, or as the mica 
did, but with a clean sharp angle and exact 
surfaces, beautiful and glittering as diamonds 
[breaking it by gcntlo blows with a liammer] ; 
there is a square prism whieh I may break up 
into a square cube. You see these fragments 
ara ail square ; one side may bo longer than 
the other, but they will Oiily split up so as to 
form square or oblong pieces with cubical sides. 
Now X go a little farther, and I find anotlicr 
stono {fig. 17) [Iceland or calc-spar] Q*) wliich 
i; may break in a sitnilar way, but not with the 
same rasnlt. Here is a piece which I Jiavc 
broken off, and you sec there are plain surfaces 
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perfectly regular witli respect to each other, 
but it is not c«bica!--it is what wo call a rhom- 
boid. It still breaks in tlirco tlircctioiis most 
beautifully and ixigiilarly with polished sur- 
faces, but ■with sloping sides, not like tlic salt. 
Why not? It is very manifest that this is ow- 
ing to the attraction of the particles oiio for the 
other being less in the direction in wliicU thoy 
give way than in other directions. I have on 
the table before me a number of little bit.s of 
calcareous spar, and I recommend each of you 
to take a piece home, and then you can lake a 
luiifo and try to divide it in the direction of 
any of the surfaces already existing. You will 
bo able to do it at once; but if you try to cut 
it across the crystals, you can not ; by lianuncr- 
ing you may bniiso and break it up, but you 
can only divide it into these beautiful little 
lo lo 1 

Nov] ■) t J to I le-st 1 al ttlcmoro 
1 V t) s a 1 foi tl s 1 1 c I a goiitg 
to tl o elect c 1 £,1 1 i„a Yu -ico wo 
Ci not look) totlo 7Zfoof alolylkothis 
piece of glass. AVe pcreeivo tito outside form 
nnd the inside form, and wo look fhrough i^ 
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but wo can not well find out how thcso forms 
become so, and 1 want you, tliorcforc, lo lake 
a lei-son in tlic way in wliicli wo uso a ray of 
light for the purjiosc of seeing what is in the 
interior of bodies. Iiight is a thing wliich is, 
so to say, attracted by every subslauec that 
gravitates (and wo do not Iciiow aiij thing that 
does not). AH maltci ifttcts light moio or 
less by what wo may eonstdci is a knul of at- 
traction, and 1 have ainnf^cd {fir/ 18) a ^cry 




sini])ic cxporiment upon thi. (looi of tin, jooni 
for the purpose of illustnfui^ thi'i 1 Jnvc 
put into that basin i ft,w thnigs which those 
who arc in the body of the tlieitic vjll not bo 
able to sec, and I am going to mike use of tins 
power which niattci poi-sc^sts of atlncUn^; a 
ray of light, If Jrr. Andoi'son pom's some 
water, gently and steadily,- into the basin, the 
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water will attract tho vayn of light tlownwnrd, 
audtho piece of silver and the sealing-wax: will 
appear to vise np into the sight of those who 
were before not Jiigh cnorigh to sec over the 
Kidc of tho basin lo its bottom. [Mr. y\n(lcr- 
son hero jjourcd water into the basin, and upon 
the lecturer asking ivlictlicr any body coukl 
see tho silver and sealing-wax, he was answer- 
ed by a general aflirmativc] Now .1 suppose 
'that every body can see that they are not at 
all disturljcd, while from the way they appear 
to have risen up yon would imagine the bot- 
tom of the ba.siii and the articles in it wore t\v'0 
inches thick, although tUcy arc only one of our 
small silver dishes and a piece of sealing-wax 
wliich 1 have put there. 'l.'he light which now 
goes to you from that [jiccc of silver was ob- 
structed by the edge of tho basin when thcra 
was no water thci'c, and yon wore unable to 
sec any tiling of it; but when wo pouwd in 
water tlio rays were attracted down by it over 
the etlgo of the basin, and you woro thus ena- 
bled to see tho articles at tho bottom. 

1. have shown you this experiment ilrst, so 
that you might uTidorsfand liow glass attracts 
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light, and might tlion sco Imw otlici' subslanocs, 
liko rock-salt and calcareous apm, mica, and 
other stonos, would ail'ccUito Sight; and, if Dr. 
Tyndall will be good enough to let \is use his 
light again, wo will fii-fit of all show you how 
it may bo bent by a (liccc of glass {Jiy. 19). 






VA 



I The electric lamp was again lit, and tlio beam 
of parallel rays of light which it cmittctl was 
bent about and decomposed by means of tho 
)irism.] Now, here you sec, if \ send tho light 
thvoHgh this piece of plain glaHS, A, it goes 
straight through without being bent (iinlcsa 
tlic glass be held obliquely, and then tlic phe- 
nomenon bccomciJ more complicated); but if I 
lake this i)iccc of glass, ii [a prism], you sec it 
will show a very different cflcct. it no longer 
goes to that ^vall, but it is bent to this screen, 0, 
and how much more beautiful it is )io\v [throw- 
ing tjie prismatic spcctvnni on tho soi'ccn]. 
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'I'liis my of light is Ijciifc out of its coui«c by 
the attractioi\ of the glasa iipon it; and you 
SCO 1 can turn and twist tlio raya to and fi'o in 
different parts of tlio room, just as l plci^o. 
Now it {?0C3 there, now liorc. ['i'lic lecturer 
projected tlio prismatic spectrum about tlio 
thcatro.1 Here I have the rays once more 
bent on to the screen, and you see liow won- 
derfully and beautifully that piece of glass not 
only bends the light by virtue of its attraction, 
but actually splits it up into different coloi-s. 
Now J: want you to understand that this piece 
of glass |thc prism], being perfectly uniform in 
its iTiternal structure, tells lis about the action 
of these other bodies wliich arc noi uniform- - 
which do not merely cohere, but also have with- 
in them, in different parts, different degi-ees of 
cohesion, and thus attract and bend the light; 
with varying powcia. Wo will now let tho 
light; pass through one or two of these things 
which :[ just now showed you broke so curi- 
ously J and, first of all, I will take a piece of 
mica. Koto, you sec, is our ray of light: wo 
have first to make it -what wo caW pohrif^xl ; 
but about that you need not trouble your- 



iiM=.i>,Googlc 



selves ; it J8 only to make our illiistvation more 
clear. Here, tKon, wc have our polarized ray 
of light., and I can so Etcljust it aa to make tlio 
mraon upon wliieh it is shining cither light or 
dark, although .T. liavc nothing in tUo coui'Sc 
of this ray of light but what is perfectly trans- 
parctit I'tiirning tlio unalyzer i-oundj. 1 will 
now niako it so that it is qiiito davlc, and wc 
will, In the first instance, put a piece of com- 
mon glass into tlio polarincd ray so an to sitow 
you. that it docs not enable tlic light to got 
tln-ough. You sec tho screen i-cmains dark. 
Tlio glass, then, internally, has no cffcet upon 
the light. 1'1'hc glass was removed and a piece 
of mica introduced.] Now there is tho mica 
which wo split up so curiously into leaf after 
leaf, and sec liow that enables tho light to pass 
through to the screen, and how, as i)v. Tyndall 
turns it round in his hand, you have those dif- 
ferent colors, pink, and piirplc, and green, com- 
ing and going most beautifully; not that tho 
mica 18 more transparant than tho glai«, but 
because of the diAcrcnt manner in which its 
particles are arranged by the foreo of cohasion. 
"Now wc \i\\\ see how calcareous spar acta 
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upon this liglit--that stoiio wliieh Kplit up into 
rliombs, and of \vliich you arc each of yoii go- 
ing to take a Httio piece homo. |Tlio mica was 
i-cmovcd, and a piece of calc-spav introchiccd at 
A.] Sec how that, turns' the hght lonnd and 
round, and produces tliesc rings and tliat black 
crass {fi<j. 20). Look at tlioso colois : arc they 




not most beautiful for you and for me? (for I 
enjoy thcso tilings as much as you do.) Tti 
wliat a wonderful manner tlicy open out to us 
tlie internal arrangement of the i>articlcs of this 
calcareous spar by the force of cohesion. 

And now T will show you anotlicr experi- 
ment. Hero is that piece of glass which before 
had no action upon the light. You shall sec 
%yliat it will do when wo apply prcssui'c to it. 
lloi'c, then, wc have our ray of polarized light, 
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and 1 will Aist of all show you that tlic glnss 
has no effect xipon it in its ordinary state; 
when I place it in the course of the light, the 
Hereon still remains dark. Now Dr. Tyiidall 
■will prcsa that bit of' glass between three little 
points, one point against two, so as to bring a 
stiTXin upon the iiarts, and you will see what ft 
curious clfect tliat has. [XTpon the screen two 
white tlots gradually appeared.] A\il these 
points show tlio pasition of the strain ; in these 
parls the force of cohesion is being exerted in a 
different degree to what it is in the other part.s, 
and hcneo it allows the light to pas.s through. 
How boaiitifiil that in 1 how it makes the light 
conic through some partxS and leaves it dark in 
othci-s, and all because wo weaken the force of 
cohesion between particle and i)articlc. Wheth- 
er you have this mechanical power of strain- 
ing, or whether wo fake other means, wo get 
the same result ; and, indeed, I will show you by 
another experiment that if wc heat the gla&s in 
one part, it will alter its internal structure and 
produce a similar effect. Hero is a piece of 
conmton glass, and if I insert this in the path of 
tlie polarized i-ay, I believe it ^\■ill do nothing. 
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'X'hcro is tlic common glass | ititroduciiig it|. 
No lifitit passes through; the screen remains 
q«ito (larlt; \mtl am going to warm this glass 
ill tlic lamp, and you know yoursclvca that 
when you pour warm water iipon glass you put 
a strain upon it suflicicnt to break it sometimes 
-'-something like there was in the case of the 
I'rinco ]tupcrt's (Irops. [Tlic glass was warm- 
ed in tho spirit lamp, and again placed acTO.ss 
tho ray of light.] Now you see liow beautiful- 
ly the Ijglit goes tlirough tltosc parts which are 
hot, making dark and liglit lines just as tho 
crystal did, and all because of the alteration I 
have effected in its internal condition ; for thcso 
dark and light parts arc a proof of the prcscnco 
of forces acting and dragging in different direc- 
tions within the solid mass. 
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CdldCSION.' -CUKMICAT, AWTNITY. 

W]'; will first return for a few niimitos to one 
of the cxpcritiiciits made yesterday. Yon rc- 
mcmbci' wliat wo put tofjcthei' on that occasion 
- --poivdcrcd aliuii and warm water. Here is 
one of the basins then used. INotliing has been 
done to it since; hui yon will find, on examin- 
ing it, that it no longer contains any powder, 
but a number of beautiful crystals. .Ucro also 
arc the pieces of coke wliieli I put into the oth- 
er basin ; they liavo afnio mass of crystals aljout 
them. '.I'hat other basin I will leave as it is. ,T 
will not pour tlio water from it, because it will 
show you that the jiiarticlcs of alum have done 
sonictliing more than merely crystalllzo togeth- 
er, 'J'hcy have pushed 'the dii'ty matter from 
them, laying-it around the outside or outer edge 
of the lower crystals — s(iuccf.od out, as it were, 
by the strong attraction which the particles of 
alum have for each other. 
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And now foi' anotlicr experiment. Wc have 
nircady gained a ](iiowIcdgo of tlic manner in 
whicli the particles of bodies-—of solid bodies 
---altvact caeh other, and wo have learned that 
it makes calcarcons spar, alum, and so forth, 
crystallize in these rcgtdar forms. Now let mo 
jivadually lead your minds to a knowledge of 
the moans ■wc posscs.s of making this attraction 
alter a little in its force ; cither of inci'Cft.'iing, 
or diminishing, oi', apparently, of destroying it 
altogether, I will take tliis piece of iron [a md 
of iron about two feet long and a quarter of aii 
ineli in diameter). " It lias at present a great 
deal of strength, duo to its attraction of cohe- 
sion ; but if Atr. Anderson will make i)art of 
this red-hot in the fn-c, wo shall then find that it 
will become soft, jnst as sealing-wax will when 
heated, and wo shall also find that the more it 
is Jicatcd the softer it becomes. Ah t biit what 
docs soft mean ? "\Vhy, that tlio attraction be- 
tween the particles is so -weakened tliat it is no 
longer sufficient to resist the power wo bring to 
bear upon it. [■j\[r. Anderson linndcd to the 
lecturer tho iron rod, with one end red ■ hot, 
which ho showed could bo easily twisted about 
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with a pnir of plicra,'! You sec, 'f, now find iio 
difficulty in Ijciiding this end about as 1 like, 
whereas I can not bend tlio cokl part at all. 
And you kiiow liow the smith takes a picco of 
iron and heats it in order to render it soft for 
his jnii'poso : ho acts upon our priTiciplc of less- 
oning tho atificsion of llio particles, althoujjh 
lie is not exactly acquainted witli tlio terms by 
which wc express it. 

And now wc have another point to cxaniinc, 
and this ^^'atcr is again a very good substance 
to lake as an illustration (as pliilosophci^j wo 
call it all water, even though it be in tlio form 
of ijx) or steam). "Why is this water hard? 
[pointing to a block of ice] ; because tho attrac- 
tion of the particles to each other is snflicicnt to 
make them retain their places in opposition to 
force applied to it. But -what happens when 
wc make the ice warm ? Wliy, in that case wc 
diminish to snch a largo extent tho power of 
attraction that the solid snksfanco is destroyed 
altogether. Tict mc illustralo this: I will take 
a rad-hot ball of iron [Mr. A ndcrson, by means 
of a pair of tongs, handed to the lecturer a red- 
hot ball of iron, about two inches in diamctcrj, 
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because it will servo as a convenient source of 
heat Iplacing the rail-hot ii-on in iha cciilro of 
the block of iccj. You see 1 am now melting 
tho ice where the iron touches it. You see the 
iron sinking into it ; and wliilc part of the solid 
water is Ucconiing liquid, the heat of the ball is 
rapidly going off. A certain part of the water 
is actually rising in steam ; tlio attraction of 
some of the particles is so much diminished that 
they can not even hold logctlicr in the liquid 
form, but escape as vapor. At tho same time, 
you SCO I can not melt all this ice by the beat 
contained in tliis ball. Tn the coiiiso of a very 
short time 1 shall find it will have become quite 
cold. 

Hero is the water which we have produced 
by destroying some of the attraction which ex- 
isted between tho particles of the ice, for below 
a cerlain temperature tho particles of water in- 
cj-casc in their mutual attraction and become 
ice; and above a certain temperature the at-* 
traction decreases and tho water becomes steam. 
And exactly the same thing happens with pla- 
tinum, and nearly every Bukstanco in natui-o ; 
if the temperature is increased to a cevEain 
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point it becomes Ifqiikl, and a farther iiiei-casc 
converts it into a gas. Is it not a glorioiiH 
tiling for lis to loolc at tho sea, the rivers, and 
so forth, and to Itnow that this same body in 
tho iiortlicrn regions is all solid ico and ice- 
bergs, while here, in a wanner eliniato, it Jias its 
attraction of cohesion so much diminished as 
to bo liquid water? Well, in diminishing this 
force of attraction between the particles of ice, 
wo made iise of another force, namely, that of 
heat; and T want you now to undei-stand that 
this foreo of heat is always concerned when wa- 
ter passes from the solid to the liquid state. If 
I melt ice in other ways 1 can not do without 
Iicat (for wo have the means of malcing ico 
liquid without licat™tliat is to say, without 
using heat as a direct cansc). Suppose, for illuB- 
tiation, I mukc a vessel out of .this piece of tin- 
foil [bonding the foil up into the sliapo of a 
dish}. I am making it metallic, becftusc I want 
the hoat which I am about to deal with to pass 
readily through it; and I am going to pour a 
little water on this board, and then place the 
tin vessel on it. Now if I put some of this ico 
into the metal dish, and then ])rocccd to nmko 
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il, liquid by any of the various means wc have 
at our comiiiancl, it still must take tlie iicccKSiuy 
quantity of licat from something, and in iSiis 
cnso it will tako the heat from the tvay, and 
from the water underneath, and from the otlicr 
things round about. Well, a little salt added 
to the ico ]ia8 the power of causing it to ntelt, 
and 'wo shall very sliortly see ttio mixture he- 
como quite fluid, and you will tlicn find that 
the water boncatli will be frozen— frozen be- 
cause it lias been forced to give up that heat 
whieh is Jicccsaary to Iceep it in the liqnid state 
to the ico on becoming liquid. I remember 
once, when 1 \vas a boy, licaring of a triek in a 
country nlcOiouse : tlio point was how to melt 
ico in a quart pot by the Ato and freeze it to 
tlio stool. Well, tho way they did it was this': 
they put some pounded ice in a pcAvter pot, and 
added son^o salt to it, and the consequence wa.s, 
that when the salt was mixed with it, the ico in 
tlio pot melted (they did not tell mc any thing 
about the salt, and they sot the pot by tho fiixj, 
just to make tho result more mystorions), and 
in a short timo the pot and tho stool were frozen 
together, as wo shall very shortly fmd it to bo 
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the caso lici'c, and all because salt has Uio pow- 
er of lessening the attraction between the pavt- 
iclcs of ice. ] icro yon sco tlic tin (Ush is frozen 
to the boaiil ; X can even lift this little stool up 
by it. 

'I'liis experiment can not, J IhinJf, fail to im- 
press npon your minds the fact that wliciicvcr 
a solid body loses sonic of that force of attrac- 
tion by means of which it remains solid, heat 
is absorbed ; and if, on the other liand, we con- 
vert a Ucjuid into a Bolid, e. {/,, water into ice, a 
corrcspojiding amount of lieat is given out. I 
have an experiment showing tliis to be tlio 
ease. Here {fi'j. 21) 'ih a bulb, a, filled with 
rig. !1. 




air, the tube fioan winch dqw mto some coloi 
ed liquid m Ihc vessel 3i And I daio '-ly >ou 
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know tSmt if j; put my liand on tlic bulb A, and 
warm it, Uio colored liquid wliich is now staTid- 
ing in tho tube at o will travel forward. Kow 
wc have discovered a means, by great care and 
research into tho projicrtica of various bodies, 
of pi-cparing a solution of a Balt('*) wliieli, if 
shaken or disturbed, wU at once become a 
solid; and as I explained to you just now for 
what is true of water is triio of every other 
Jiquid), by reason of its becoming solid heat is 
evolved, and I can make ttiis evident to you by 
pouring it over this bulb ; there I it is becom- 
ing solid ; and look at tho colored liquid, how 
■it is being driven down tUo tube, and how it 
is bubbling out throiigh the water at the end ; 
and so wc learn this beautiful law of our ])hi- 
losophy, that whenever wc diminish the attrae 
tion of cohesion -wc absorb licat, and whenever 
wc increase that attraction heat is evolved. 
'J-'luK, then, is a great step in advance, for yon 
havo learned a great deal in addition to tlio 
more cirennistaTico that particles attract each 
other. ..But j'ou must not now suppose that 
l3ccausc they aixs liquid they have lost their at- 
traction of colicsion ; for hero is the Huid mcr- 
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cury, and if T pour it from one vessel into an- 
otlicr, I find that it will form a stream from the 
Ijottlo down to tlio glasi- -a continiiotm rod of 
fluid mcroiny, tlio partieles of ^vhicl^ Imvo at- 
traction sulTicieiit to malcc tliom liokl togctlicr 
all the way tliraugh t)ic air down to tlic glass 
idsclf; and if I pour water qiiictly from a jug, 
1 can cause it to ran in a continuous streain in 
tlic same manner. Again: let me put a little 
water on this piece of plate glass, and tlicn 
take another plate of glass and put it on the 
\\'ater; thei'ol tlic upper plate is quite free to 
move, gliding about on the lower one fi-om 
side to side; and yet, if i take hold of the »p- 
pcv plate and lift it up hti.nglU, the cohesion is 
so great that tlic lowci ono n held up by^ it. 
See how it runs about as 1 move the upper 
one, and this is all owing to tlie strong attrac- 
tion of the particles of the watoj. Jict me 
show you another cxponmcnt IE I take a lit- 
tle soap and water— not that tlie soap makes 
the particles of the i\al(.i moio adhosivo ono 
for the other, but it ceUainly lias the power of 
continuing in a better mannei the attraction 
of the particles (and lot mo adviso yoH, when 
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jibout to experiment with Roap-bubblcH, io, lake 
care to liavc every tiling clean and soapy). 1 
will now blow a bubble, antl that I may bo 
able to talk and l)low a bubble too, I will tako 
a plato with a little of tlio soapsuds in it, and 
will just soap tlie edges of tlio pipe and IjIow a 
bubble on to tlic plate. !Nbw there is our buli- 
ble. Why docs it hold together in tliis man- 
ner? "Why, because the water of which it is 
composed has an attraction of parlielc for par- 
ticle— so great, indeed, that it gives to tins bub- 
ble tho very power of an .fndia-rubbei' ball ; 
for you SCO, if I introduce one end of this glas.^ ■ 
tube into tho b\ibble, that it has the power of 
contraeting so po-werfnlly as to foreo enough 
air tlnxjugli tlic tube to blow out a light (fit/. 22) 
--tho light is blown out. And look I sec how 
the bubble is disappearing- -sec how it is get- 
ting smaller and smaller. 

'J'hei-o arc twenty other oxperinicnts I might 
show you to illustrate this power of cohesion 
of the particles of liquids. Jf'or instance, what 
would yon propose to nio if, having losSi the 
stopper out of this aleoliol bottle, I sliouUl want 
to close it epccdily witli something near at 
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liand. Well, a bit of paper would not do, but 
a piece of linen cloth would, or some of this 
cotton -wool which X have hero. I will put a 
tuft of it into tlio iicok of the alcoliol bottle, and 
you sec, wlion 1 tun» it iipsido down, tliat it is 
perfectly well stoppered so far as the alcohol is 
concerned ; the air can pass tlirough, but the 
alcoliol can not. And if 1 were to take an oil 
vessel this plan would do equally well, for in 
former times they used to send us oil from Italy 
in ilasks stoppered only with cotton wool (at 
the present time the cotton is i)Ut in after the 
oil has arrived here, but formerly it used to bo 
sent so Ktop])crci;i). Now if it ^vcrc not for tlio 




particles of liquid cohering together, this alco- 
hol would run out; and if I had timo I could 
havo sho'wn yoii a vessel with the top, bottom, 
and sides altogether fornted like a sieve, and 
yet it would hold water, owing to this cohesion. 
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You have HOW seen that the solid water can 
bccoiiio fluid l>y tho addition of heat, owing to 
this Icssciiiiif; the attractive force between ils 
particles, and yet you sec that there ia a good 
deal of attractive force ixiinaitiiiig behind. I 
want now to take you another step beyond, 
AVe saw that if wc continued applying heat to 
tho water (as indeed happened witl» our piece 
of ice lieix)), that wc did at last break up that 
atti'aetion which hoklB the liquid together, and 
I am about to take some ether (any other liquid 
would do, but eOior makes a better cxpenmcnt 
for my purpose) in order to illustrate what will 
happen when this cohesion is bi-oken np. Now 
,this liquid ether, if exposed to a very low tem- 
perature, will become a solid ; but if wc apply 
heat to it, it becomes vapor; and I want to show 
yon tho enormous bulk of the substance in fJiis 
new form : ^vhen we make ieo into water, wc 
lessen its bulk ; but when we convert water into 
steam, we iTicreaso it to an enormous extent. 
Yon sec it is very clear that as 1 apply heat to 
the liquid I diminish ils attraction of coliesion : 
it is now boiling, and i will set firo to the va- 
por, so that you mny be enabled to judge of the 
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space occupied by the ether in this form by the 
ai-AC of its Jiamc ; niul you how sec wliat an enor- 
mously bulky flanio i. get from that Btiiall vol- 
ume of ctlicr below. 'I'he heat from the spirit 
lamp is now being consumed, not in making the 
ether any warmer, but iu converting it into va- 
])or; anil if I desired to catch this vapor and 
condense it (as 1 could without much diiliculty), 
f should have to do the same as if 1 wished to 
convert steam into waler and water iTito ice: 
in cither case it would be necessary to increase 
the attraction of the particles by cold or other- 
wise. So largely is the bulk occu])icd by the 
particles iiicrcascd by giving them this dimin- 
ished attraction, that if 1 were to take a portion 
ofwatcracubicinehinbulk(A,/(/.23), Ishould 
produce a volume of steam of tliat ar/^ a [iVOO 
cubic inches; nearly a cubic foot], so greatly 
IS the attraction of cohesion diminished by lieat; 
• and yet it still remains Avatcr. You can easily 
imagine the consequences which arc due to this 
change in volume by lical^ the mighty pew- 
el's of etcam and the tremendous explosions 
which arc sometimes produced hy this foi-ce of 
water. 1' want you now to sec another oxpcri- 
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mcnt, wliicli will perhaps give you a better il- 
lustration of the bulk occui)icd by a body wiien 
in the state of vapor. Ifcro is a substance 
which WG call iodine, and 1 am about to submit 
this solid body to the same Itiiul of condition 
US icgaids heat tliat 1 did tlio water and tlic 
cthoi fputtingn few grains of iodine into a hot 
glass globe, which immediately became filled 
^^lth the violet vapor^, and you see the same 
kmd of change produced. Moreover, it gives 
us flic opportunity of observing how beautiful 
IS the violet-colored vapor from thisblaek sub- 
btineo, 01 rather tlie mixture of the vajiiar with 
air (for I would not wish you to undei-sland 
that this globe is entirely filled with the vapor 
of iodine). 

If I had taken mercury and converted it into 
vapor (as I could easily do), I sliould have a 
pcrfcetiy colorless vapor ; for you mu-st iinclcr- 
staiid this about vapors, that bodies in what 
wo call the vaporous or tho gaseous .state arc 
always porfcetly transparent^ never cloudy or 
smoky ; they are, however, often colored, and 
wo can frequently have colored vapoi's or gases 
produced by colorless jjartieics themselves mix- 
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iiig togotlicr, as in this enso jthc lecturer here 
inverted a glass cylinder fnll of biiioxido of 
nitrogonC") over a cyltiuler of oxygen, when 
the (larlc red vftpor of liyponitraus acid was 
produced). Hero also you kco a very excel- 
lent illustration of the eftcct of a power of 
nature AvhicK ^ve have not as yet coinc to, but 
wliicli stands next on our list -OnKMiCAr, Ak- 
fiNiTY. .And thus yon sec we can have a vi- 
olet vapor or an orange vapor, and different 
other liinds of vapor, but tlicy are always per- 
fectly transparent, or else they would cease to 
be vapors. 

I am now going to lead you a step beyond 
tliis consideration of the attraction of tho parti- 
cles for cacli otlicr. You sec wo havo come to 
nndcrstand that, if wo take %vfttor as an illus- 
tration, wlrethcr it bo ice, or water, or steam, it 
is always to bo considered by ns as water. 
Well, now pi-eparc yoiu" minds to go a little 
deeper into tho subject. Wc havo means of 
ecarehinginto the constitution of water beyond 
any that aro alVowlcd us by the action of heat, 
and among these one of tlio most important is 
that force which we call voltaic electricity, 
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vl ol c used at our last meeting for tlic pur- 
10 of obtaining ligHt, and wliicli wc earned 
(ibo t ll room by moatis of thcso wires. 'J'his 
foico s produced by tlio battery boltind me, to 
1 cl ] owovcr, I ^vill not now refer more jjar- 
t c Imly ; before wo liavc done wo sliall know 
) 10 o il out tliis Ijattcry, but it mxtsfc grow up 
1 o k lowlcdgo as wo proceed. Now licrc 
(fig. 24) i.s a portion of water in tliis little vcs- 
sc], 0, and besides tlic ivater tlicrc are two plates 




of tlic metal phtmuni wJiich nio connected 
witli til wues (a and li) comm„ outside, nnd 
1 want to cxammo tliat witci tnd tlic Ht«te 
and tbc condition n\ which its p sitiolca arc ar- 
unfed If I wcio to ipply lit it Ic it you 
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know what wc slioiild got ; it ivoukl assume tlic 
state of vapor, but it would ncvci'thclcss remain 
water, and would return to tl\o liquid stalo as 
soon as the heat was removed. Now by means 
of those ^vircs (whicli arc connected witli tlic 
battbry behind inc, and eomo under the door 
!ind up throujjh the table) we shall have a cer- 
tain aniount of this new power at our disjio^a]. 
Here you sco it is [causing the ends of the 
wires to touch]- -that is the electric light wo 
used yesterday, and by means of these ^vircs 
•wo can cause water to submit ilself to this 
power; for the moment T put them into mcfal- 
lio connection (at a and j(), you sco the water 
boiling in ttiat little vessel (c), and you Iiear 
the bubbling of the gas tliat is going thTOUgli 
tlio tabc (d). See liow X am convening the 
water into vapor; and if I take a little vessel 
(n), and fill it with water, and put it into tlic 
trough over the end of the tube (»), there goes 
the vapor ascending into tho vessel. And yet 
that is not steam, for you know that if steam is 
brought near cold water, it would at oiico con- 
dense, and retuwt back again to water ; this, 
then, can not be steam, for it is bubbling tli rough 
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the cold water in tins trougli, but it is a vapor- 
ous siibslaiicc, and \vc must tlicrcfoi-o examine 
it carefully, to see in what way tlio water haa 
been cliangctl. And now, in oitlcr to give you 
a proof tliat it is not steam, I am going to show 
yon tliat it is eombnstiblc ; for if X take tliia 
small vessel to a light, the vapor iiisido ex- 
plodes in a manner that steam could never do. 
j; will now fill tliis large bell-jar (v) with wa- 
,ler ; and I propose letting the gas asceiul into 
it, and I will then show you tliat wo eaTi rcpro- 
dnco the water back again from tlic vapor or 
air that is there. Here is a strong glass vessel 
(g), aTul into it wo will let the gas (from i') pass. 
AVo will there firo it by the olcetric spark, and 
then, after the explosion, you will find that wo 
have got the water back again; it will not be 
much, however, for you will recollect that 1 
showed yon liow small a portion of \\'alcr pro- 
duced a very largo volume of vapor, Mr. j\,n- 
derson will now pump all the air out of this 
vessel (a), and when 1 have screwed it on to 
tho top of our jar of gas (]■'). yo" will see, upon 
opening the stop-cocks (il' ll It), the water will 
jump v\>, showing that some of the gas has 
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passed into tho glass vcbscI. I will now shut 
these stop-cocks, and wo shall bo able to send 
tho electric spaiJc through the gas by means of 
tlie wires (i, k) in tlic upper part of tho v<kso1, 
and you will sec it hmn with a nrost intense 
(liisli. \Ur. Anderson liero brought a Lcydcn 
jar, wJiicli lie discliargcd through the confined 
gas by means of the wires r, K.;| You saw the 
tlash, and now that you may sec that there is 
no longer any gas remaining, if l placo it over 
tho jav 'and open the stop-cocks again, np will 
go tho gas, and we can have a second combus- 
tion i and so 1 might go on again and again, 
and T should continue to accumulate more and 
more of tlio water to wluoh tho gas has return- 
ed. Now is not this curious? in this vessel (c) 
wo can go on making from water a largo bulk 
q( ^iermanent gas, as wo call it, and then wo can 
ixwoiwcrt it into water in this ivay. [Mr. An- 
derson brouglit in another TiOyden jar, which, 
however, from some cause, would not ignito tlio 
gas. It was thci-eforo recharged, when tho ox- 
plosion took placo in tl\o dcsii-ed manuer.J 
1 low boatitifuUy wo get our I'OHults when wo 
arc riglit in our proceedings I it is not that Ma- 
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tiiro is wrong wlicn wc make a liiistakc. Now 
3: will lay tliis vessel (a) tlown by my right 
hand, and you can cxaniino it by-and-by : there 
iti not very much wfttor flowing down, but tlicrc 
is qnito auflicicnt for you to sec. 

j\.nothcr \vonderful thing about this mode of 
changing tho condition of the water ia this ; 
that wo arc able to get the separate parts of 
which it is composed at a distance tho one from 
the other, and to cxaniino them, and sec what 
tlicy arc like, and how many of tlicm tliero arc ; 
and for this purpose I Imvo here some more wa- 
ter in a slightly diilcrcnt apparatus to tho for- 
mer one {/irj. 25), and if I placothis in connec- 




tion with the wires of tho battery (at A, J\), I 
shall got R similar dceompo^^t'O" "^^ ^'*'' "''"^^'^^ 
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at tiic two platinum plates. Now I will put 
this little liibo (o) over tlicre, and that mW col- 
lect the gas together that comes from this side 
(a), and this tube (ii) will collect the gaa that 
comes from the otficr side (n), and I think wo 
shall soon be able to sec a diftcreneo. hi this 
apparatus the wires are a good way aparfc.from 
each other, and it now seems that each of them 
is capable of drawing off particles fi-om tlic wa- 
ter and sending them off, and you see tliat ono 
set of piJrtielcs (ii) is coming off twice as fast as 
tlioso collected in tlio otlici- tube (o). Some- 
thing is coming out of the water there (at n) 
wliich burns [sotting fii-c to the gas] ; but what 
comes out of tho water hcv (at 0), altliougb it 
will not burn, will sn])port combustion very 
vigorously. | 'J'lie lecturer liera placed a matcli 
with a glowing tip in the gas, wlicn it immedi- 
ately rckiiKllcd.) 

Itci-o, tlien, we have two tilings, Jieithcr of 
them being water alone, but ivhich wo get out 
of tlie water. Water is therefore comisc^ccl of 
two .substances different to itself, which ai>poar 
at separate places when it is made to submit to 
tho force which I have in these wires; and if I 
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take aTi iiwcrtcd tube of water and collect tliis 
g&s (ii), you will SCO that it in by no means tlio 
fiamo m the one ^^'c collected in tlio formor a])- 
paratiis {/iff. 24). 'I'lmt exploded with a loud 
noise -when it was lighted, but this will burn 
quite noiselessly : it is called hydrogen; and tlic 
other we call oxygen — that gas which so beauti- 
fully In-ightens up all combustion, Ijut does not 
burn of itself. So now wo sec tlmt water con- 
sists of two kinds of particles attracting each 
other In a very different manner to the'ftltrac- 
tibn of gravitation or cohesion, and this new at- 
traction we call chemical affinity, or the force of 
■ chemical action between different bodies ; wc 
arc now no longer coiiccrned with the attrac- 
tion of iron for iron, water for Water, wood for 
wood, or like bodies for each otiicr, as wc \v'crc 
when dealing with the force of cohesion; wc 
am dealing with another kind of attraction-- ■ 
the attraction between particles of a diffcrmt 
nature one to the other. Chemical aihnity de- 
pends entirely upon the energy with wliicli part- 
icles of differenl kinds attract each other. Ox- 
ygen and liydrogcn are particles of different 
kind^ and it is their attraction to each other 
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wlticli makes tlicm chciiiieally conibnic and 
protUico water. 

I must now .show you a littlo moro at lar^e 
what chemical ailinity is. I can prepare these 
gasca fi'oni other Bubstancea as ^vcll as from 
water ; atid wo will now prepare some oxygen : 
here is another substance ^7hioh coiifains oxy- 
gen — chlorate of potash ; I will put some of it 
into this glass retort, ftiidMr.'Andci'soii will ap- 
ply }\cat to it : wc havo lioro different jaifi filled 
with water, and wlicn, by tlic application of lieat, 
the chlorate of potash is decomposed, wo will 
displace tlio water, antl fdl the jars witli gas. 

l»!ow, when water is opened out in this way 
by means of tlio battery, ^vhicli adds nothing 
to it materially, wliieh takes nothing from it 
materially (I moan no maiicf; I am not speak- 
ing ot force), which adds no maUer to the wa- 
ter, it is changed in this way— tlio gas which 
you saw burning a littlo while ago, called hy- 
dwgen, is evolved in iargo quantity, and t)ie 
other gas, oxygen, is evolved in only Jialf tho 
quantity ; so that those two ai'oas represent wa- 
ter, and these arc always tlio proportions be- 
tween tho two gases. 
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OxyRcii 88.9 

Hydrogen 11.1 

Wnlcr 100.6 



But oxygen is sixteen times tlio weight of 
tho olltci' — oigliit timc.4 as Kcavy as tlic pai-ticles 
of hydrogen in tlic water ; and you thorcfoi'o 
know that ^vatcr is composed of nine parts by 
wcightr— one of hydrogen and ciglit of oxygon ; 
thus : 

Hydrogen 40.2 cubic iiiclioa — 1 Eimn. 

Oxygen.... 33.1 " " : : 8 Btniiis, 

Wntcv(siftim),.. C0.8 " " --- erniiis. 

Now Mr. Anderson has prepawd some oxy- 
gen, and ^ve will proceed to examine what is 
the character of this gas. I''irst of all, yon re- 
member 1 told you that it docs not burn, but 
that it affects tho burning of other bodies, i. 
will just set five to tho point of this little bit of 
wood, and then plunge it into the jar of oxy- 
gen, and you will see ^vhat this gas docs in in- 
creasing tho brilliancy of tho combustion. It 
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does not buni, it tlocs not take fire as tlio hy- 
ttrogcn woukl, but how YivicUy the combustion 
or the match goes on. Again, if I wcro to tako 
tliia wax taper and light it, and turn it wpsidc 
down in tlic air, it woiikl, in all probability, put 
itself out, owing to the wax running down into 
the ^^'ick. | The lecturer here turiicd tlio light- 
ed taper upside down, when, Iti a few secondH, 
it went out.] Now tliat will not happen in 
oxygen gas; you ^viU see how differently it 
acts (yli/. 26). I'l'lio taper was again lighted, 




turned npsido down, md thui infioduccd into 
a jar of oxygen | I ooK it tint I sec how the 
very wax if.sdf bums, and falls down in a daz- 
Kliiig fitrcan^ of fiic,fiOpOtteifHlly docs the oxy- 
gon support combustion. .A.gain, hero is an- 
other experiment which will servo to ilhistrate 
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tl>c fovco, if I may so cnll it, of oxygen, I have 
}ioro a ciTOHlar iiamo of spirit of wine, and with 

it I am about to show you tlio way in wliicli 
iron burns, bccaiiso it will serve very well as a 
conipavison between tlio cflcct produced by air 
and oxygen. If I take tliis ring (lame, I cati 
shako, by means of a sieve, the fine particles 
of iroii filings tbrougb it, and you -will sec tbc 
way in ^vllich tbcy burn. ['I'lie lecturer here 
shook through the (lamo sonic iron filings, 
which took fire and fell through with beauti- 
ful scintillations.] 3!nt if I now hold the flame 
over a jar of oxygen [the experiment was re- 
peated over ajar of oxygen, when the combus- 
liou of the fdings as they fell into the oxygen 
became almost insuppoftably briliiant], you sec 
Iiow wonderfully difibrcnt the effect is in the 
jav, because there wo have oxygen instead of 
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;i:)<;o'i:u.ii]'; iv. 

CliUMICAI. Al'TlNtTV-- -JIlUT. 
AVi-l shall have to pay a Httlo more attention 
fo tlio foreea existing in wfitcr before wc can 
have a clcai- idea on the subject, licsidcs the 
attraction which there is between its particles 
to make it liokl togetlicr as a liquid or ft solid, 
thoTO is also ar\otlicr force, different from tlic 
former — one which, yesterday, by means of the 
voltaic battery, wc overcame, drawing from tlio 
water two different Bubstanccs, which, when 
heated by ntcans of tlio electric spark, ottractctl 
each other, and rushed into combination to re- 
produce water. Now I propose to-day to con- 
tinue this subject, and traco tlio various plic- 
nomona of chemical afliTiity ; and for this pur- 
jjosc, as wc yesterday considered the cliaraetcr 
of oxygen, of which I have here two jars (oxy- 
gen being those particles derived from the Aba- 
ter wSiieli enable other bodies to burn), wo will 
now consider the other constituent of water, 
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and, witliout cinbarrassing you too much witlt 
tlio way in whicli tlicsc tliiii^« arc made, I will 
lirocccd now to sliow you our common wfty of 
making hijdmjen. (I called it hydrogen yes- 
terday ; it is so called Ijccauso ifc liclps to gen- 
erate water.)** \ put into tliis retort sonic zinc, 
water, and oil of vitriol, atid immediately au ac- 
tion lakes place, winch ])roduces an abundant 
cvoUUion of gas, no\v coming over into this jar, 
and bubbling np in appearance exactly like tlie 
oxygen we obtained yesterday. 




'I'he proccsseH, you seo, aro very diftcrcnt, 
thougli the result is the same, in m far a-s it 
gives ns certain gaseous pavticlcs. Here, then, 
is tho liydrogcn. T showed you yesterday coi-- 
taiu qualities of this gas ; now let me exhibit 

* iiwp, "wntcr," aniJ ytjijiaw, "IgCHeiate." 
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you sonic otiicr pi'ojjcrtics. Utiliko oxygen, 
wliich is R supporter of combustion and will )iot 
burn, Itydroffcn itself is eombustiblc. 'J'licre is 
a jar full of it ; and if I carry it along in Uiis 
manner anil put a light to it, J. think you will 
SCO it take fire- -not with a bright light; you 
mi], at all events, hoar ifc if you do not sco it. 
Now that is a body entirely different from oxy- 
gen ; it is extremely light ; for, although yester- 
day you saw twice as much of this hydrogen 
produced on the ono side as on the other by 
the voltaic battery, ifc was only one eighth the 
weight of the oxygen. I carry tliis jar upside 
down, AVliy ? liccansc I know tliat it is a. 
very light body, and that ifc will continue in 
this jar upside down quite m effectually as the 
water will in that jar which is not upside down ; 
and jusfc as I can pour water from one vessel 
into another in tho right position to i-eccivo it, 
HO can X pour this gas from one jar into anoth- 
er wlicn tliey arc upside down. Sco what I am 
about to do. Tlioro is no hydrogen in this jar 
at present, but I will gently turn tliis jav of 
hydrogen up under this other jav {fig. 28), and 
then we will examine the two. We shall sec, 
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oil applyiiif! ^ ''K''*j t'^at tlic liydrogeu lias left 
tlio jar in wliich it was at firsts and has iiour- 
cd wpwai'd into the other, and tlicro wo shall 
find it. 

You now understand that wo can have par- 
ticles of very different ]<indfi, and that tlicy can 
liavc different Ijulks and weights ; and tliore arc 
two or tlu'co very intei'OHtbug oxpcrinieiita wliich 
serve to ilhistrate this. J^or instance, if I blow 
soap hubbies with the breath from my mouth, 
yon will ficc them fall, bccaiise I fill them with 
common air, and tlio water whicli forms the 
bubble carries it down. Jiut iio\v, if I inhale 
hydrogen gas into my hitigs (it docs no harni 
to the lungs, although it docs 3to good to theni), 
SCO what happens. I'i'ho lecturer inhaled some 
hydrogen, and, after one or two ineffectual at- 
tempts, succeeded in blowing a splendid bub- 
ble, whicli rose miycstieally and slowly to tlie 
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cciUii{>- of tlio theatre, whcra it burst.] Tliiifc 
sliowa you vciy wcli liow ligltt a substance this 
ia i for, notwithstaiuiing all tho Itoavy, bad aii- 
from jiiy lungs, and the wcigl\t of tlio bubble, 
you saw Kow it was carried up. 1 want you 
iio^v to consider tbis })]icnoincnon of weight as 
iTidicating liow exceedingly diftcrant i>articles 
arc one from tho other ; and I will take as illus- 
trations these Ycvy common things, air, water, 
tho heaviest body, platinum, and this gas, and 
observe how they ihUcr in this rcs))ecfc; for if 
\. take a piece of platinum of that sine {fig. 29), 




^ 



it ]i cqml to tin \\(i,' hi ol poilions ol wnlcr, 
an, and hjdiogtn of the bulks T Imvo icprc- 
scntcd m these sphcics, and thi-J lUustiation 
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gives you a very {jootl idea of tlic extraordina- 
ry diireixinco with regard to the gi'avity of tlio 
articles having this enormous diiTcreneo in bnlk. 
['i'ho following tabular statement havin{j refer- 
ence to this ilUistratioii appcai'ed on tlic dia- 
granr-boavd.} 





] 
M.l 

iiyia 






82y 

17831 


31 5 


Wnlur 






2,,.,H 



Whenever oxygen and liydrogen unite to- 
gether t)icy produce water, and you liave Rccit 
the cxtraoi-diuavy difference between the bulk 
and ftppeav,1ncc of the water ho produced and 
the i>avticlcs of wliich it consists chemically. 
Now wo have never ye6 been able to reduce 
cither oxygen or liydvogen to the liquid state ; 
and yet their firiit impulse, when chemically 
combined, is to take up first this liquid condi- 
tion and then tho solid condition. "VVc never 
combine these diffci-cnt particles together witli- 
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out producing \vator ; and it is curious to think 
Jiow often you must have nmdo tlic oxpcrimcnt 
of combining oxygon nnd hydragen to form 
water without knowing it, 'I'iikc a candle, for 
iiiHtanco, nnd a clean Hilvcr spoon (or a piece of 
clean tin wiU do), aiid, if you hold it over the 
/iamo, you immediately cover it with dew— -not 
a smoke — •which presently cvaporatca. This, 
perhaps, will serve to show it Ijcttcr. Mr. An- 
derson will jjut a candle under that jav, and you 
will sec liow soon tlio water is produced (/sr. 30). 




.T.ook at that dimness on the side s of tho glass, 
which win t>oon pioduco diops, and trickle 
down into tho plate Well, tint dnnnes.g and 
these drops aic wata, founcd by the nnion of 
tho oxygen of the air witli tho liydrogon exist- 
ing in the wax of which that candle is formed. 
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And HOW, having bvoiight you, in tlio first 
place, to Uio consUlovation of clicmical attrac- 
tion, I must enlarge your ideas so as to include 
alt substancca ■which iiavo this attraction for 
each other ; for it changes tho character of bod- 
ies, and alters them in this way and tliat way 
in tlio most extraordinary manner, and pro- 
duces otlier phenomena wonderful to think 
nbont. Hero is somo chlorate of potash, and 
there son\o sulplun-ct of antimony .(") AVc will 
mix these two different sets of ijavtiolcs togeth- 
er, and I want to show you, in a general sort of 
way, some of the phenomena which take place 
when we make diAcrcnt particles act together. 
Now I can make these bodies act upon each 
other in several ways. In this case T am going 
to apply heat to tho mixture; but if I wcra to 
give a blow with a hammer, tho same result 
would follow. [A. lighted match was brought 
to tho mixture, which immediately exploded 
with a sudden Hash, evolving a dense white 
smoke.'l There you see the result of the action 
of chemical afliiiity overcoming the attraction 
" of cohesion of the piirticles. Again, hero is a 
littlo sugarC'), (luitc a dilTerent substance from 
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the biKc]c sulpliurcfc of antimony, antl you sliaU 
SCO wliat takes place when wo i)nt tlio two to- 
{jctlicr. I'j'lio anixtiira was loiiclicd witli sxit- 
phuric ftcic1|ivlicn it took fire, and burnt grad- 
ually and witli a brighter flame than iti the for- 
mer instance] Observe thia cbcniical afTiiiity 
ti-ftvcling about the mass, nnd Betting it on fire, 
and throwing it ItiIo such wonderful agitation ! 
I must now come to a fciv cimiimslanccs 
which rcc[iiive careful consideration. AV'e liavo 
already examined one of thecflfcels of this chem- 
ical afTmity, but, to make t)io matter more clear, 
wc must point out some otlicis. And Itcra arc 
two Raits dissolved in watcr.("') 'I'hcy ara both 
colorless solutions, nnd in tlicao glasses you can 
not see any dirfcvcncc between them. But if I 
mix them, I shall havo chemical atti'action tako 
place. 1 will pour the two together into this 
glass, and you will at onee boo, I have no do\ibt, 
a certain amount of change. Look, they arc al- 
ready becoming milky, but they nro sluggish in 
their action — not quick as the others were— for 
we have endless varieties of rapidity in chem- 
ical action. Now, if I mix them together, and 
stir tlicni so as to bring them properly togctliev, 
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you will soon seo wltat ft diflbront result is pro- 
tluecd. As I mix tlicm tlioy (jct thicker and 
thicker, find you see tlie liquid i» liardcning and 
Btiffoning, and before long I shall Imvo it quito 
hard; and befora tbo end of tlic Iceturo it will 
be a solid stoiic--a wet stone, no dotibt, but 
more or Icaa solid- -in cousequcnco of the chem- 
ical afitnity. la not tliis changing two liquidK 
into a solid body a ivoitdcrfnl nianifcHtatiou of 
chemical affinity? 

'X'hci'o ia another remarlcablo eiroumstancc in 
ohciuioal affmity, which in, that it m capable of 
cither ^vaiting or acting at once. And this is 
very singular, because wo know of nothing of 
the kind in the foi-cca cither of gravitation or 
cohesion. Jj'or instance : licro ai-c some oxygen 
particles, and hero is a lump of carbon parli- 
olcs. '.i: am going to put the carbon particle'i 
into the oxygen ; they can act, but tlicy do not 
- -they arc just like this unlighted candle. It 
stands here quietly on the (able, waiting until 
we want to light if;, ]iut it is not so in this 
other ease : hoi-o is a substance, gaseous like the 
oxygen, and if 1 put these particles of meia! 
into ifc the two conibino at once. The copper 
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aiul the oblorino unite by their power of chcm- 
ieal ailliiity, and jjvodticc a body entirely uiiiiico 
cither of the suUstancos xiscd. And in this oth- 
er cflx'se, it is not that there is any deAcicncy of 
aflinity between tlic carbon and oxygen, for the 
moment J choose to put them in a condition to 
exert their aflinity, you -will see the dUTorcitce. 
I The piece of charcoal was ignited, and intro- 
duced into the jar of oxygen, wlicu tlic combns- 
tlon proceeded vfitli vivid Hcintillations. | 

Now this chemical action is set going exact- 
ly m ifc wonhl ho if I liad Jightcd the caiuUe, 
or as ifc is wlicii tlie Kcrvant puts coals on and 
lights the fire : the substances wait until we do 
sometliing -wltich is able to start llie action. 
Can any thing be more beautiful than this com- 
bustion of charcoal in oxygon ? You must un- 
dcistand that each of these little sparks is n 
portion of the charcoal, or the bark of the char- 
coal, thrown off white liotinto the oxygen, and 
burning in it most brilliantly, as you see. And 
now let nio toll you another thing, or you 
will go away with a very imperfect notion of 
tlie powor.^ and cflcols of this aflinity. There 
you sec some cliareoal burning in oxygen. 
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Well, a piece of lead will bum in oxygen jHst 
US well as tlio cliavcoal does, ov indccil better, 
foe absolutely t!iat picco of lead will act at once 
upon tho oxygen as tlic coppci' did in the otli- 
or vessel with regai'd to the chlorine. And 
here, also, a piece of ivon— if ,1 light it and put it 
into tho oxygen, it will bum away jnst as tho 
carbon did. And I will take some lead, and 
show yon tliat it will burn in the coninion at- 
mospheric oxygen at tho onlinary temperature. 
'I'iicse arc the lumps of lead which you rcnicm- 
ber wo had tho other day----tho two pieces 
which clung together. Nov/ these pieces, if I 
take them to-day and press thcni together, will 
not stick, and tho reason is that tlicy have at- 
tracted from tho atniosphcrc a jiavfc of tlio oxy- 
gen there present^ and have become coated as 
with a varnish by the oxide of lend, which is 
formed on the surface by a real process of 
combustion or combination. 'I.'hero you sco 
the ivon burning very well in oxygen, and 1 
will tell you tho reason why those scissoi-s and 
that lead do not take fire while tliey are lying 
on tho table. Hero tho lead is in a lump, and 
tho coating of oxide remains on its surfae<^ 
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wliilc thcro you kco tlic nicUcd oxkic is clear- 
ing itself oJV froiii the iron, and allowing more 
and jnorc to go on burning. In this case, how- 
ever [holding up a small glafis tube contaiu- 
ing lead i)yropliorus{^'')'|, tho lead has l)ccn vciy 
carefully pradiiced in fine j)0wdcr, and put into 
a glnK.'j t«l)0| niid hemic tically Kcnlcd ho an to 
preserve il-, and 1 expect yoii will sec it take 
fire at once. 'i'luH has been made about ti 
inouth ago, and has thus had time to sink down 
to its normal temperature ; ivhat you see, there- 
fore, is tlic ixisult of chemical affinity alone. 
L'I'hc tube was Ijrokcu at the end, and the lead 
poui-cd out on to a piece of paper, whereupon 
it immediately took fire.] J-ook I look at tlie 
lead burning 1 why, il lias set fire to the paper I 
Now that is notliiiig more than the common 
aflinily always existing between very clean 
lead and the atrnosplrcric oxygen; and the 
j'eason why this iron docs not burn until it is 
]nadc red hot is because it has got a coating 
of oxide about it, which stops tho action of tho 
oxygon— putting a varnish, as it were, upon its 
sarfaeo, as we varnish a picture — absolutely 
forming a substance which pixsvonts tlio iiata- 
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(JOMIIUSTION AND CJIKMICAT, AFKINITY. IJ 1 
ral clicmical afl'iriity botwcon tlic bodies rioin 
acting. 

J! nnisfc 3io\v take yoii a little favtlicr iii this 
l<ind of illustration, or consideration X m'ouUI 
latlicr call it, of chemical aftinily. 'J'his attrac- 
tion between dift'cTOnt particles exists also most 
citj-ioiisly in cases where tlicy avo previously 
coinbincil witli otlicr Hubstaiiccs. .Ucro is a 
little clilovato of potash contflinin;; the oxygen 
^^^hich we foiuul ycstcnlay could be procured 
fi-oni it ; it contains tho ox} gen thcio combined 
and licld down by its chcnncil iflmity -with 
otlicr thi»{,s, but sldl it can conibnio with 
sugar, as yon saw 'I'ins iflmity cnn thus act 
acivss substanco, and ] ^\ ant ) ou to sec Iiow 
curioHsly ^^h'^t wo call coinbu')tion acts \uth 
respect to this foiu) of chunical aflmity If I 
take a piece of phosphoius and set fiio to it, 
and then place a jar of air over the phosphorus, 
you SCO the combustion ^vhieh wo arc having 
there on account of chemical aO'niity (combus- 
tion being in all cases the result of clicmical 
afVinity). 'Ohe phosphorus is escaping in that 
vapor, which ^vill eondonso into a snow-Iiko 
mass at the close of tho lecture. But suppose 
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1 limit the atmosphere, wliat then? wliy, even 
tlic p)iosphorus will go out. ] fci-o is a piece 
of eampJior, wliich will btini very well in' the 
atniosphei'o, and oven on water it will float 
about and burn, by reason of some of its parli- 
clcs j;ainin{>- access to tlio air. IJut if I limit 
the quantity of air by placing ajar over it, as f. 
Bin now doing, yon will soon find the camphor 
will ffi out. 'Well, wliy docs it go out? not for 
^vant of air, for there is plenty of air remain- 
ing in the jar, Pcrliaps yo\i will bo shrewd 
enough to say for want of oxygen, 

'I'his, therefore, leads ns to the inquiry as to 
whether oxygen ciin do moi'othan a certain 
amount of work. 'I'he oxygen there {Jl;/. 30) 
can not go on burning an unlimited quantity 
of candle, for that lias gone out, as you sec ; 
and its amount of ohcmical attractioii or ailin- 
ity is just as strikingly limited : it can no more 
be fallen sliort of or exceeded than can the at- 
traction of gravitation. You might as soon at- 
tempt to destroy gravitation, or weight, or all 
things that exists as to destroy tho exact amount 
of force exerted by this oxygen. And %yhcn I 
pointed out to you that 8 by weight of oxygen 
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to 1 by weight of liydrogcii went to form wa- 
ter, I meant this, that neither of them wouk! 
combine in different proportions witli the oth- 
er, for yoii can not get 10 of liydrogcn to com- 
bine, with e of oxygen, or 10 of oxygen to 
combine with 6 of liyttrogcn ; it must bo 8 of 
oxygen ai I i of 1 j 1 ogcn. Now suppose I 
limit the act o t! g vay : this piece of cot- 
ton wool 1 s T! JO sec, very well in the 
atmospheie i 1 [ I ivc known of casca of 
cotton-mill 1 f, f (-1 s. if with gunpowder 
through the very finely divided particles of 
cotton being difluscd through the atmospliero 
in the mill, when it has sometimes Itapponcd 
that a flamo has caught these raised particles, 
and it has run from oi\e end of the mill to tho 
other and blown it uj). 'L'hat, then, is on ac- 
count of tho alfniity which the cotton has for 
tho oxygen ; but suppose I set firo to this piece 
of cotton which is roiled \ip tightly; it does 
not go on burning, because I have limited tho 
supply of oxygen, and tlio inside is prevented 
from having access to tho oxygen, just as it 
was ill the case of the lead by tho oxido. Hut 
here is some cotton wliioh has been imbued 
H 
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wif.li oxygen iti a ccrLiin maitncv. 1 need not 
trouble you now with tlic way it in prepared ; 
it is called gun-cotton('*'). Sec liow tlmt burns 
[setting Are to a piece] ; it is very dilTcrent 
from the other, beetmsc the oxygen which innsfc 
bo present in its proper amount is put thcrc bc- 
foreliand. And I Imvc hero sonic piccai of pa- 
per Avhielx are prepared lilcc tlic gun-cotton(^'), 
and imbued with bodies containing oxygen, 
Here is some which iias been Konkcd in nitrato 
of strontia: you ■wil! rcc the bcaiitiful red color 
of its Jlamc ; and lierc is another wliich I think 
contains baryta, which givCxS that fine grecii 
light; and I liavc liero some more \vhich has 
been soaked in nitrato of copper; it does nol; 
bum quite m briglitly, but still very beautiful- 
ly. In all these cases the combustion goes on 
independent of the oxygen of the atmosphere. , 
And here ^\'0 have some gunpowder put into 
a case, in order to show that it in capable of 
burning under water. You know that wo put 
it into a gun, shutting olTtho atmosphere with 
sliot, and yet the oxygen which it contains 
supplies the particles with that without which 
chemical action could not proceed. Now I 
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liavc 11 vessel of water lioro, iind am going to 
make tlio cxporimcnL of initting tliis fuse iitulcr 
tlio water, and yon will sec wlicthcr that water 
can extinguish it ; lici'O it is burning out of tlio 
water, and there it is burning under the water; 
and so it mil continue until cxliaustcd, and all 
by mason of the requisite amount of oxygen 
being contained within the substiincc. It is 
by this kind of attraction of tho diftcTOut parti- 
cles one to tho other that ■wo are enabled to 
trace the laws of clioniical affinity, and tlic won- 
derful variety of tho exertions of these laws. 

Now I want you to observe that one great 
exertion of tliis power wliich is known as chem- 
jeal affmiiy is to produce JIMAT and light: you 
know, as a matter of fact, no doubt, that when 
bodies burn they give out heat, but it is a cu- 
rious thing that this heat does not continue; 
ttie heat goes away as soon as tho action stops, 
and you see, thereby, that it depends upon the 
action during (he (inte it is going on. It is not 
so with gravitation ; this force is coniinuouH, 
and is just as effcetivo in making that lead 
press on the tabic as it was ■wIicti it first fell 
thci'c. Nothing occm's there which disappears 
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■\viicn tSic action of falling is over ; the prcssnro 
is npoii the tabic, and will remain there until 
the lead is removed ; whereas, in the action of 
ohcmical affnuty to give light and heat, they 
go away immediately tlic action ia over. 'J,')iis 
lamp seems to evolve heat and light eontinnona- 
ly, but it is owiiig to a consfaiit strcaTii of air 
coming into it on all sides, and this work of 
producing light and licat by chemical aiTmity 
will subside as soon as the stream of air is in- 
terrupted. "What, then, is this cnrious condition 
of heat? Why, it is the evolution of another 
power of mattci-— of a power new to lis, and 
which \VG must consider as if it wera now for 
the very fn-st time brouglit under our Jiotice. 
What is heat? AVe reeogiiizo beat by its pow- 
er of liquefying solid bodies and vaporising liq- 
nid bodies ; by its power of sotting in action, 
and very often overcoming, chemical afllnity. 
'I'hcn how do wo obtain heat? AVc obtain it 
in various ways ; most abundantly by means 
of tho chemical affmitywc have just before been 
speaking about, but; -wo can also obtain it in 
many other ways. Ij'riction will produce heat. 
'I'ho Indians rub pieces of wood together until 
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thoy ninko thcni liofc cnoiigli to take Arc ; and 
such tilings ]iavo been Itnown as two brandies 
of a tixM) rubbing togctlicr so hard as to set the 
tree oil fu-c. I do not suppose 1 shall sot thcac 
two pieces of wood on ili-o by friction, but I 
can readily produce lieat enough to ignite some 
pliospliorus. I'l'lie lecturer here rubbed two 
pieces of cedar wood strongly against each oth- 
er for a, minute, and then placed on tlicni ft piece 
of phosphorus, ^vliich immediately took fire] 
And if you take a smooth metal bxitton stuck 
on ft cork, and rub it on ft piece of soft deal 
wood, yo»i will make it so hot as to scorch 
wood and paper, and bum a match. 

I am now going to sliow yon tliat wo can ob- 
wr. ni, tain heat, not by ehcmical affinity alone, 

rbut by the ])i'cssuro of air. Suppose 1 
lake a pellet of cotton, and moisten it 
with a little ether, and i)ut it into a 
gla.s3 tube (fiff. 31), and then take a pis- 
ton and press it down suddenly, I ex- 
pect I shall bo able to burn a little of 
that ether in tho vessel. It wants a 
suddenness of pressure, or wo shall not 
do 'what WQ requii-o, ('i'he piston was 
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foi'cibly pressed down, ■\vhcii a HamG, elite to tho 
conibuHlion of tlio ether, wns visible in tlic low- 
er part of the syringe] All wc want is to get 
fi little ether in vapor, and givo fresh air each 
time, and so wo may go on again and again, 
getting heat enough by the comprcs.sion of air 
to firo the ether- vapor, 

'I'his, then, I think, will be suiTicicnt, accom- 
panied with all you iiavc prcviontjly seen, to 
show you how -we procure heat. And now for 
the cfTccIs of tliis power. AVc need not consid- 
er many of them on the pi'csent occasion, be- 
cause, when you Imvc scon its power of chang- 
ing ice into water and water into steam, you 
liavo ficcn the two principal rcsnlfs of the ap- 
plication of heat. 1 want yon now to sec how 
it expands all bodies-all bodies but one, and 
that under limited eii-cumstanccs. Hi: Ander- 
son will hold a lamp vtnder tliat retort, and 
you \\')\\ SCO, the moment he docs so, that the 
air will issue abundantly from the neck which 
is under water, because the heat which ho ap- 
plies to tlio air causes it to expand. And here 
is a brass rod {ftg. 82) which goes through that 
hole, and Afs also accurately into this gauge ; 
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but if :[ make it warm with this spiiit lamp, it 
will only go iii the gauge or through the holo 
■with (lilliculty; and if 1! woro to put it into 
boiling water it would not go through at all. 
Again, m Koon tis the heat escapes from bodic!!, 
they collapse : sec how the air ia contracting in 
the vessel now that Mr. Aiubi'son liaa taken 
away his lamp; the stem of it is filling with 
water. Notice too, now, that although I can 
not got tho tiibc through this holo or into the 
gauge, the moment 1 cool it, by dipping it into 
water, it goes through ^\'ith perfect facility, so 
that wo have a perfect proof of tliis power of 
heat to contract and expand bodies. 
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X woNHKit wlicthcr ■WO sliatl bo too deep to- 
day or not. Xicmcmljcr tliat wo spoko of tlio 
attraction by gravitation of all bodies to all 
bodies by their simple approach. .Ucn\cmbcr 
■that wo spolco of tho attraction of partiolca of 
tUo same kind to each other— that power which 
kcopH tlicm together in niasscs— iron attracted 
to iron, brass to brass, or water to water. Xlc- 
nienibor that -\vo found, on looking into wahjr, 
that there wero particles of two different kinds 
attracted to each other; and this was a great 
step beyond tho first simple attraction of gravi- 
tation, bccansc hero wo deal with attraction 
between different kinds of jnattcr. '.Oho hydro- 
gen could attract the oxygen and rcduco it to 
water, but it cordd not attract any of its own 
pavtiolcs, so tliat there wo obtained a iivnt indi- 
cation of tho oxistcnco of iim attractions. 

To-day wo come to a kind of attraction even 
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more curious than tlic last, namely, the attrac- 
tion which wo fmd to he of a douhlo natiivo- - 
of a curious and dual nature. And I want, first 
of all, to make tlio natnro of this donblcnoss 
clear to yoii. liodtes arc sonictimcs endowed 
witli a wonderful attraction, which is not found 
in tlicm in their ordinary state. l''or instance, 
here is a picco of shellac, having the attraction 
. ofgravitation, having the attraction of colicsion, 
and if I set fire to it, it would liavc the attrac- 
tion of chemical afiinity to tiic oxygen in tho- 
atmosphere. Now all these powcra we find in 
it as if tlicy wci-o parts of its sid)3tancc; but 
there is another property which 1 will try and 
make evident by means of this ball, this bubble 
of air ("a light India-rubber ball, iiidatcd and 
suspended by a thread]. 'i'Jicre is no attraction 
between tliis ball and this shellac at present; 
tliei-c may be a little wind in the room Hliglitly 
moving the ball about, but there is no attrac- 
tion. But if I rub the shellac with a piece of 
flannel [rubbinj; tho BhcUae, and then holding 
it near the ball], look at the attraction which 
has arisen out of tho slicllao simply by this 
friction, and which I may tako away as easily 
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by di-awitig it gently through my liand. ('Dio 
Icctui-cv repeated tho cxpoi'iment of exciting 
tlio «](o]lac, nnd thon rcinoving tho nttraottvc 
powcv by drawing it through his hand.] Again, 
you will Bco 1 eaii repeat tliis experiment with 
anotlicr substance ; for if X take a glass rod, and 
rub it with a picco of sillc covered with wliat 
wo call amalgam, look at the attraction wJiich 
it lias; ]»ow it draws tho hall toward it; and 
then, as before, by quietly rubbing it tlirough 
the hand, tho attraction will be all i-cmovcd 
again, to come back by friction with this silk. 

Hut now wc como to another fact. 1 will 
taltc this piece of shellac, and make it attractive 
by friction ; and remember that, whenever wc 
get an attraction of gravity, chemical afTmity, 
adhesion, or electricity (as in this case), tho 
body wliich attracts is attracted also, and just 
as much as that ball waa attracted by the shel- 
lac, tlic shellac was attracted by the ball. Now 
I. will suspend this piece of excited shellac in 
a little paper stirrup, Jn this way (/^. 38), in 
order to make it move easily, and 1 will take 
another piece of sliellac, nnd, after tubbing it 
with flannel, will bring them near together; 
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you will tliiiik Hint tlicy ought to attract cacli 
other; but now ^vllat happens? It docs not 
attract ; on tho contrary, it very stvoiigly repek, 
and I can thus drive it TOUnd to any extent. 
TIkbo, therefore, repel each other, although they 
arc so strongly attractive— -repel cacl» other to 
the extent of driving this heavy piece of shel- 
lac vonnd and round in this way. But if 1 ex- 
cite this piece of shellac as before, and lake tliin 
piece of glass and rub it witlr silk, and tlien 
bring thoin near, what think you will happen? 
[The lecturer )iokl tlio excited glass near the 
excited shellac, when thoy attracted caelt otltcr 
strongly.] You see, thercfoTO, what a differ- 
ence thera is between these two attractions; 
they are actually two kinds of attraction con- 
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cci'jicd ill this case, quite dilTorcnt to siny tiling 
wo havo met witli before, but the force ia the 
sfttiio. \Vc have liero, then, a doxiUc attraction 
■ -a dual attraction or force- -one attracting and 
,tlio other repelling. 

Again, to show you anotlicr experiment 
wliicli -will help to moko this clear to yoii : 
Suppose I sot up this rough indicator again 
I'tho excited shellac suspended in the stirrup"| : 
it is rough, but delicate enough for my pur- 
pose ; and suppose T take this other piece of 
shellac, and lake away the power, which I can 
do by di'awing it gently through the Itaiid ; 
and suppose 1 take a piece of Jiannel {fvj. S'l), 
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wlucli I have shaped into a cap for it and 
inaJo (Ivy, I will put this shcllao into tho flan- 
nel, and hoi'o conies out a very beautiful result. 
I will rub this shellac and tlie flannel together 
(which 1 can do by t^visling tlic shellac i-ound), 
and Icavo thcni in contact ; and then if I ask, 
by briTigiiig thetn near our indicator, ^^flmt is 
the attractive force ? it is nothing ; but if I 
take thoni apart, and then ask what \vi\\ they 
do when thoy arc separated? ■why, the shellac 
is .strongly repelled, as it was before, but the 
cap is strongly attractive; and yet, if I bring 
them both together again, there is no attrac- 
tion ; it has all disappeared [tho experiment 
was repeated]. '.i'Jioso two bodies, therefore, 
still contain this attractive power; when thoy 
wei-c parted, it was evident to your senses that 
they had it, though they do not attract when 
they are together. 

'.I'Siis, then, is SHflicicnt, in the outset, to give 
you an idea of the nature of tho force which 
wo call j'lT.KCTHiclTV. 'I'hcro is no end to tho 
things fram which yoii can evolve this power. 
When you go homo, take a stick of sealing-wax 
--T. have rather a large stick, but a smaller ono 
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will do — find nifikc tn mdicxtoi oi this sovi, 
(Jig. 36), . 'J -iko 1 watch f hsH (oi j om watch 




ifsclf will do JOH only Hint somcthni;, which 
Bliallliavc a loiind fiCL.) and now if you place 
.1 piece of flat glass upon thai, ;> on luivt, .t very 
easily moved centre; and if \. take tins lath 
and put it on tlio flat glass (you sec I am 
searching for the centre of gravity of this lath ; 
I ^vaTlt to balance it upon the watch-glas-s), it i« 
very easily moved round ; and if I take this 
piece of scalinjf-Avax and rub it against my 
coati and then try whctlicv it is attractive (hold- 
ing it near the lath}, you see how strong the 
attraction is ; J. can oven draw it about, llcra, 
then, you )ravc a very beautiful indicator, for 1 
have, with a small piece of scaling- wax. and my 
coat, pulled round a plank of that kind, so you 
need be in no want of indieatoi^s to discover 
the presence oftliis attraction, 'J'Jiero is scarce- 
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ly a substance which wc may not vise. Hcvc 
ai'O some indicators (^^.86). I bcncl round a 

I't'j. Z6. 




strip of paper into a lioop, aiicl wo have as good 
an indicator as can bo raquircd. Sco liow it 
rolls alonfj, traveling after tlic sealing-wax ! 
If \. make tlicm smaller, of cowi'sc wo liave 
llicm running faster, and sometimes tlicy arc 
actually altiactcd np into the air. Here, also, 
is a little collodion balloon. It is so electrical 
that it will scarcely leave my hand iuiles.s to go 
fo the other. See how curiously electrical it 
is; it is JiaixUy possible for nic to toucli it with- 
out making it electrical ; and here is a piece 
wliick clings to any thing it is brought near, 
and which it is not easy to lay down. And 
horc is another substance, gutta-percha, in thin 
strips : it is astonishing how, by rubbing this in 
your hands, you inako it cleotrical ; but our 
time forbids us to go farther into this subject 
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at iwGscnt; you see clearly ttici-c avc two kinds 
of electricities wliich may be obtained by nib- 
bing shellac with fianncl or glass with silk. 

Kow thcro ai'o some curious bodies in nature 
(of which X havo two specimens on tlic table) 
which avc called magnets or loadstones; ores of 
iron, of which thcro is a groat deal sent from 
Sweden, 'i'licy havo the attraction of gravi- 
tation, and attraction of cohesion, and certain 
chemical attraction ; b\it thoy also have a great 
attractive power, for tliis littlo key is liold up 
by this stone. Now that is not chemical attrac- 
tion ; it is not the attraction of chemical afl'm- 
ity, or of aggrcgatioji of parttelcs, or of eolie- 
sion, or of clcetrieity (for It will not attract this 
ball iff bring it near it), but it is a separate and 
dual attraction, and, what is more, one which is 
not readily removed fram the substance, for it 
lias existed in it for ages and ages in the bow- 
els of the earth. Now wo can make artificial 
magnets (you will sec mc to-morrow make arti- 
ficial magnets of cxfiaoidinary power). And 
let us take one of these artificial magnets and 
examine it, and sec where the power is in the 
ma-w, and whether it is a dual power. You Bco 
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it attracts these keys, two or three in Bucecssion, 
and it ■will attract a very largo piece of iron. 
',1'iiat, then, is a very tliflbrciit thing iiulccd to 
what you saw in the case of the shcliao, for Oud 
only attracted a liglit ball, but hero 1 have sev- 
ci«l ouiccs of iron held up. And if wc eonic 
to examine iliis attraction a little nioro closely, 
we shall find it presents some other remarlcablo 
diffcvcncea ; first of all, one end of tins bar {pj. 
37) attracts this key, but the middle docs not 
attract. It is not, then, the whole of the sub- 
stance which attracts. Tf \ place this little key 
in the middle it docs not adhere; but if 1! place 
it there, a little nearer the end, it docs, though 
feebly. Is it not, then, very curious to find that 
there is an attractive power at the extremities 
which is not in the middle- -to have thus in 
one bar t\vo places in which this force of attrac- 
tion resides? If 1! tako this bar and balanec it 
carefully on a point, so that it will bo free to 
!novc round, I can try what action this piece of 
iron lias on it. VYell, it attracts one end, and 
it also attracts the other end, just as you saw 
the shellac and the glass did, with the exception 
of its not attracting in the middle. Bvit if now, 
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instead of a piece of iron, I take a magnet, and 
cxaniino it in a similar way, you sec tliat one of 
ils ends fepds the suspended msgncfc ; the force, 
then, is no Jonger attraction, but repulsion ; but, 
ifltftkc the other end of the magnet ami bring 
it near, it shows attraction again. . 

Yon will BOO this better, perhaps, by another 
kind of experiment. Here {fig. 38) is a lilUc 
magiict, and I have colored the ends differently, 
so that yoxi may distinguish one from the olh- 
cr. No\v this end (s) o£ the magnet {/it/. 3V) at- 
tracts tlio uncolored of the little magnet. You 
sec it pulls toward it with great power ; and, aa 
I cany it round, the uncolored end still follows, 
lint !iow, if I gradually bnng the middle of the 
bar magnet opposite the uncolored end of ,tlio 
needle, it lias no effect upon it, citlicr of attrac- 
tion- or repulsion, until, as I conic to the oppo- 
site extremity (n), you sec that it is tho cohnd 
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end of tho iicctUc which is pulled toward it. 
AVc arc .HOW, therefore, dealiTifj with two icinds 
of power, attracting different ends of the mag- 
]iet -a double power, already exist' g ' tl c o 
Ijodics, which takes up the form of itt act o 
and repulsion. And now, when T [ t [ tl s 
label with tho word magnktism, 30 11 
dci'stand that it is to express this lo Ucio c 

Now with this loadstoiio you may make mag. 
nets artificially. Hero is an artificial magnet 
{fig. 39) in which both ends liavc Ijceu brought 



together in order to mcrca-so the attraction. 
This mass will lift that lump of iron, and, what 
is juoro, by placing this Iccepo; as it is called, 
on tho top of the magnet, and taking hold of 
the handle, it will adhcixi sufficiently strongly 
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to allow ifsclf to be lifted up, so wondcirful is its 
power of attraction. ![f you t«kc a Jicccllc, and 
just draw one of its ends along one cxti'cmil.y 
of the magnet, and tlicn draw tlic other end 
along tlio other extremUy, and then gently place 
it on the surface of some water (the needle will 
generally fioat on the surface, owing to the 
slight grcasincss communicated to it by the iin- 
gcw), you will be able to get all the phenomciia 
of attraction and repulsion by bringing another 
magnetized needle near to it, 

1 ivant you now to observe that, although 
I liavo shown you ii\ these magnets that this 
double power becomes evident principally at 
the extremities, yet the whole of the magnet is 
concerned in giving the power. 'I'hat will at 
fn-st seem ratiicr strange j and I must thci'eforo 
show you an experiment to prove that this ia 
not an accidental matter, but that the whole of 
the mass is really concerned in this force, just 
as in falling the whole of the mas« is acted upon 
by the fovea of gravitation. 1 have hero {fit/AO) 
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a Steel bar, and I am going to jnako it a mag- 
net by rubbing it on tlic largo magnet {/</. 39). 
I liavc now niJido the two ends magnetic in op- 
posite ways. 1 do i\ot at present ]cnow one 
frani tlio other, but wo can soon fnid ont. Yon 
sec, when I bring it ncnr our mngnclic needle 
{Jtff. 38), one end repels and tbc other attracts ; 

and the middlo will neither attract nor repel 

it can not, becaiiRc it is half way between Ihc live 
ends. ]Jnt now, if I break out that piece (?), a), 
and tlicii examine it, sco how strongly one end 
(«) pulls at this end (s, fig. 38), and liow it rc- 
pels the other end (n). And so it can bo shown 
that every part of tlic magnet contains this pow- 
er of attraction and repulsion, but tliat the pow- 
er ia only rendered evident at the end of the 
mass. You will \mderstand all this in a little 
whilo; but what you have now to consider is 
that every part of this steel is in itself a mag- 
net. Here is a little fragment which I have 
broken out of the very centre of the bar, and 
you will still SCO that one end is attractive and 
the other is repulsive. Kow ia not this power 
a most wonderfnl thiiig? And very sti'aiigo, 
the means of taking it fixJin one substance aiid 
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bringing it to otlicr niattci'a, I can not make a 
picco of iron or any tiling olso heavier or light- 
er than it is; its cohesive power it mnst and 
does liave ; hut, as yon have seen by these cx- 
perimcnls, wo can add or subtract this power 
of magiietisni, and almost do as wc like with it. 
And now wc will return for a short timo to 
the subject treated of at the contmcnccmcnt of 
tills lecture. You sec lioro (/</. 41) a lai'go 
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miohino ainn d foi Hit 511111 <. fniLbin 
f,hs3 ^\ith (lilt and foi obfiintn, the pown 
oillcd elect t ity and the moment Uio Inndlc 
of tho nnchmc n tuuicd -v coil-nn amount of 
electricity is evolved, as you will see by tho 
rise of the littlo straw indicator (at A). Now 
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I Idiow, from the appcavancc of repulsion of 
the pitli ball at tlio end of the straw, tlmt elec- 
tricity is present in tlioso brass condiictoiw 
(ii)t), and i want yon to sco the msnncv in 
wiiicli tlmt clcetrieity can pass away [toaeliiiig 
the coiiduetov (») witli his fnigcr, tlic lecturer 
drew a spark from it, and tlio straw electrome- 
ter immediately felll. There, it has alt gone j 
and that ]' liavc i-cally taken it away yon shall 
Bcc by an experiment of this sovt. If I bold 
this cylinder of brass by the glass handle, and 
touch the conductor with it, I take away a lit- 
tle of the electricity. You neo the S])ark in 
which it passes, and observe that the pith-ball 
indicator lias fallen a little, which seems to im- 
ply that so much electricity is lost ; but it is 
not lost; it is here in this brass, and I can take 
it away and carry it about, not because it lias 
any substance of its own, but by some strange 
property which we have not before met with 
as belonging to any other force. J^et us sec 
whether we have it here oi' not. ['I'ho lecturer 
brought the charged cylinder to a jet from 
which gas was issuing ; the si}ark was seen to 
pass from the cylinder to the jet, but the gns 
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did not light.] All ! tlic gas did not light, but 
you saw tho Hpavk ; there is, pcrhai>s, soino 
draught in tho room which blew the gm on 
one side, ov else it would light; we will tiy 
this cx])eriincnt afterward. You see from tho 
spark that T can ti-ansfcr ttic power from tJio 
niacfiinc to this cylinder, and then carry it 
awiiy and fjivc it to somo otlicr body. You 
know very ^vcll, as a matter of experiment, 
that wo ; can transfer the power of heat from 
one thing to anollier ; for if 1 put my hand 
near the fnxs it becomes hot, I can show 
you lliis by placing before ns this ball, which 
has just been brought red-hot from' tho fire. 
Tf T pvcsH tin's wire to it sonic of tho heat will 
be transferred from the ball, and I have only 
now to touch this piece of gun-cotton with tho 
hot wire, and you see how I can transfer tho 
heat from tho ball to tho wiro, and from tho 
wiro to tho cotton. So you sco that some i[>ow- 
crs nro transferable, and otIici'S are not. Ob- 
serve how long tho heat stops in this ball, 1 
might touch it with tho -^virc or with my finger, 
and if 1 did so quickly 1 should merely burn 
tho surfhco of tho skin; whereas, if 1! touch that 
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cylinder, liowcvor rapidly, with my finger, tlio 
electricity is gone at once- -ilispci'scd on the 
instant, in a. manner wonderful to tliink of. 

I must now take \ip a little of your time in 
filiowingyou the manner in wliicli these powci-» 
arc transfciTcd from one thing to another ; for 
the manner in which /oi-cc may l)e conducted 
or transmitted is extraordinary, and most es- 
sential for us to undci'stand. "r-cfc us sec in 
what maTincr these powers travel from place to 
place, ]{oth heat and electricity can be con- 
ducted; and hero is an arrangement i have 
made to show how the fonncr can travel. It 
consists of. a bar of copper (yi^. d2); and if"! 



-J 



fnl 1 spiut hmp (this is ono%\n> of obtimin„ 
the power of heat) atid place it under that little 
chimney, the ftamc will strilco against the bar 




iiM=.i>,Googlc 



138 ]';t,i.:ctutcity. 

of copper and keep it liot. Now you nra 
awavo that power is being transferred from the 
fianic of tliat lamp to tlic copper, and you wiil 
SCO l)j'-and-by that it is being conducted along 
the copper from particle to particle; for, iiias- 
mueli as I liavc fastened tlicno wooden balls by 
■1 little \vax' at particular distances from llic 
point where the copper is fn-si lieatcd; firat one 
ball will fall and tJicii the more distant ones, as 
tlio heat travels along, and thus you will Icavn 
that the heat travels gradually through tho 
copper. You will SCO that this is a very slow 
conduction of power as compared with elec- 
tricity. If .1 take cylindeis of wood and metal, 
joined together at tho ends, nm\ wrap a piece 
of paper i-onnd, and tlicn ap])ly tlic heat of this 
lamp to tho place ivliero tlio metal and wood 
join, you -will see how the heat will accumu- 
late whore the wood is, and burn tho paper 
with whicii I have covered itj but wliera the 
metal is hcncatli, tlie heat is condnctctl away 
too fast for tho paper to bo burned. And so, 
if I take a piece of wood and a picco of metal 
joined togctlier, and put it so that the iianio 
shall play equally both upon one and tlio oth- 
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or, wo shall soon find that the metal will be- 
come hot bcfove the wood ; for if I put a piece 
of phosphorus on the wood and another piece 
on tlio copper, you will find that tho phos- 
plior\m on the copper will take fire bofoixj that 
on the wood is melted; and this shows you 
liow badly the wood conducts heat. But with 
regard to tho traveling of electricity from place 
to place, its rapidity is astonisliing. I will, fii«t 
of all, take these pieces of glas-s and metal, and 
you will soon tmdoi^tand how it is that tho 
glass docs not lose the power which it acquii'cd 
wlicn it is rubbed by tho silk; by one or two 
experiments I \viil show yon. If I take this 
piece of brass and bring it near tho machine, 
you SCO ho\\r tho electricity leaves the latter 
find passes to the brass cylinder. And again : 
ifl tako ai-od of n\etal and touch tho maclnno 
with it, I lower the indicator ; but when I touch 
it with a rod of glass, no power is drawn away, 
showing you tliat the cleotriclty is conducted 
by the glass and tho metal in a manner entire- 
ly diflei'cnt ; and, to make you sco that moro 
clearly, wo Avill take one of our Jioydcn jara. 
Kow I must not embarrass your minds with 
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tliis subject too much, l)ut if I take a piece of 
metal and bring it against the knob at the top 
and the iiiotallie coating at the bottom, you 
will SCO the electricity passing tlirongb the air 
as a brilliant spark. Hi takc^ no sensible time 
to pass tlu-ough this ; and if I wcro to take a 
long metallio ^virc, no matter \vhat the length, 
at least as far as wc are concerned, and if X 
make one end of it touch the oiifsidc, and llio 
other toucli tlic knob at the top, sec Iiow the 
electricity passes! it has flashed instantaneous- 
ly through the wlwlc length of this wire. Is 
not this different from tiic transmission of licat 
tliroiigh tliis copper bar (/iff. 48), Avhich lias 
taken a quarter of an hour or more to reach 
the first ball ? 

Hero is another experiment for the purpose 
of showing the conduetibility of this power 
tlirough some bodies and not through others. 
Why do I have this arrangement made of brass? 
Ipointinj; to tlio brass worlc of the electrical 
machine, Jig. 41], Uceause it conducts elec- 
tricity. And wiry do 1 have these columns 
made of glass? ]Jccaiisc they ob-titruet tho pas- 
sage of electricity. And why do I put that pa- 
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pcv tassel {fi<j. 43) af. the top of tlio pole, upon 
a glass rod, and connect it with tliis niachino by 




means of a wire ? You seo a6 onco tliat as soon 
as the handle of tlio niacliino is tin-ncd, tlie c!ec- 
tvioity which is evolved travels along this wiro 
and np the wooden rod, and goca to the tassel 
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at the top, and you soo tlic powor of repulsion 
with which it han ciuloweti tlioso strips of pa- 
pci', each spreading OHtwavd to tlio coiling and 
sides of the mom. '.L'hc owtsido of that wire is 
covered with gutta-pcrchii; it would not servo to 
keep tlio force fi-om you wlicn touching it witli 
your iiands, because it -wonld burst tlirough ; but 
it answci-s our purpose for tlic present. And 
so yoii perceive lioiv easily X can manage to 
send this jiowcr of electricity from place to 
place by clioosing the materials wliieli can con- 
duct tlic power. Suppose 1 want to firo a por- 
tion of gunpowder, I can readily do it by tliis 
transferable power of electricity, i: will take a 
Lcydon jar, or afiy otlicr arrangement which 
gives us this power, and arrange wires so tliat 
they may carry the powor to the place I wish ; 
and tlicn placing a little gnnpowdei' on the ex- 
tremities of the wires, tho moment I make the 
connection by this discharging rod I shall ftro 
the gun])Owdcr [>ho connection -was made and 
the gunpowder igTiitctlj. And if I wci-o to 
show you a stool like this, and wore to explain 
f you its construction, you could easily under- 
stand that we tiso glass logs bccauso these aro 
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capable of preventing the electricity from goin^ 
ftway to the cavtli. If, therefore, 1 were to 
stand on this stool, and receive the electricity 
tliroiigli this coiidHctoi', 1 could give it to any 
thing that 1 touched. ■ | 'I'lic lecturer stood upon 
tlic insulating stool, and placed liinisclf in con- 
nection with the conductor of tho niachinc.] 
Now 1 am electrified ; 1^ can feci my hair )-ising 
up, as the paper tassel did just now. .ViCt iis 
SCO whether \ can succeed in lighting gas by 
touching the jet with my finger. |'l'lic lecturer 
brought Ilia finger near a jet from wliieh gas 
was issuing, when, after one or two attcnipfs, 
tho spark which camo from Jiis linger to tho 
jet act fire to the gas."t Yon now sec how it 
is that this power of electricity can be trans- 
ferred from the matter in whjcli it ia generated, 
aiid conducted along wires and otlicr bodies, 
and tluis be made to serve new purposes, utter- 
ly unattainable by the powcra we iiavc spoken 
of on previous days ; and yo\i ■will not now be 
at a loss to bring this power of clcetiicity into 
comparison with those which wo have previous- 
ly, examiiicd, and to-morrow we shall bo able 
to go farther into the consideration of these 
transferable powers. 
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'I'lIK COUUHr.ATION Oli'TJU'i I'HYaiCAr, fOKCES. 

Wk iiavc frequently seen, during the couisc 
of tlicKO Icctuvcs, that o)ic of tlioso jiowci's or 
forces of matter, of wliich 1 have writtei\ tlio 
»anic3 on that hoard, has produced results wliicli 
are due to tlie action of sonic otlici" force. 'riui« 
you have seen tlio forco of electricity acting in 
other ways than in attracting; you liavo also 
seen it combine mattei"3 togetlier or disunite 
tlicm by nieanst of its action on the chcmieal 
foiw; ami in this ease, tlioreforc, you havo an 
instance in which these two powers are related. 
}}ut we liave other and dccpci.' relations than 
these ; ^vo liave not merely to see how it is that 
one power affects anothci^-liow the forec of 
heat aftccfs cliomieal aflinity, and so forth, but 
wo must try and comprehend what relation they 
bear to each other, and how these powcm niay 
bo ehatigcd one into the other; and it will to- 
day require all my earo, and your caro too, to 
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make tliis clcav to your minds. J. shall be 
obliged to confine myself to one ov two in- 
Htanccs, because to take in the wliolc extent of 
this nuitual relation and convci-sion of forces 
would surpass tlic luiman intellect. 

!rn the first place, tlien, here is a piece of fine 
s-.inc foil, a»d if i cut it into narrow strips and 
apply to it tlie power of beat, admitting tlio 
contact of air at the same time, you will find 
tliat it burns ; and then, seeing that it burns, 
you will be prepared lo say that tliere is chem- 
ical action taking place. You sec all I have to 
do is to hold the piece of /-inc at the side of 
the fiamc, so as to let it got hcatctl, and yet to 
allow tlio air wHich is flowing into the flame 
from all sides to have access to it; there is the 
piece of zinc burning just like a piece of wood, 
only brighter. A. part of the Kino is going up 
into the air in the form of that white smoke, 
and part is falling down on to the table. 'I'his, 
thou, is the action of chemical affinity exerted 
between the y.mo and the oxygen of the air. 
I will show you what a euiious kind of affEnity 
this is by an experiment which is rather strik- 
ing when seen for the first time. I have Iiero 
K 
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son\o iron filings and giiiipowdcrj and will mix 
them carefully togclhcr, with as little rough 
liaiidliiig as po,ssib]o ; now ivo will compare the 
oombuHlibility, so to speak, of the two. 1 will 
pour some spirit of witio into abasin aud set it 
on fire; and, having our flame, I will drop this 
mixtura of iron filings and gimpowdcr through 
it, so that both sets of particles ivill have an 
equal cliancc of burning. And now toll ]no 
whicli of tlicm it is that burns? You sec a, plen- 
tiful combustion of the iroufdings; but I want 
you to observe that, though they have equal 
chances of burning, \ve shall find that by far 
the greater part of the gunpowder vcniains \m- 
touched ; I have only to drain off this spirit 
of wine, and let the powder wliicli has gone 
through the llamo dry, which it will do in a 
few ininutcs, and I will then test it with a light- 
ed matcli. So ready is the iron to burn, that 
it takes, under certain circumstances, even less 
time to catch fire than gunpowder. | As soon 
as the gunpowder was dry, Mr. Andcr.Hon hand- 
ed it to the lecturer, who ai^plled a lighted 
match to it, ^\'hcn a sudden flash showed how 
largo a proportion of gunpowder Jiad escaped 
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coniTiustioii wlicn falliiij^ Uiroiigli the flame of 
alcoliol.] 

Tlieso arc all eases of clicmica! aflinity, and I 
sliow tlicm to make you uiidci'stand that \vc 
arc about to enter upon the consideration of a 
strango kind of clicmical alTinily, and then to 
sec liow fav we aro enabled to convert tliis forec 
of affniity into electricity or magnetism, or any 
other of the forces whicli wc have discuRscd, 
1 [ci-o is some xinc (T. keep to the metal y.uic, as 
it is very useAd for our jturpose), and I can 
produce hydrogen gas by putting the zinc and 
sulphuric acid together, as tlioy aro in tliat re- 
tort ; there you sec the niixturo whicli gives iis 
hydrogen --the '/.mo is pulling the water to 
pieces and setting free hydrogen gas. Now wc 
have learned by experience that if a little mer- 
cwry is spread over that y-ma, it docs not take 
away its power of decomposing the water, but 
modifies it most curiously. Sec how that mix- 
ture is now boiling; but when \. add a little 
mci'CHry to it tlie gas ceases to conic olT. "\Vo 
have now scarcely a bubble of hydrogen sot 
free, so that the action is suspended for tho 
time. Wo liavo not destroyed the power of 
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clieniical affiTiity, but iiiocIiAcd iL in a woiulcrful 
and beautiful manner, .ticrc avc some pieces 
of 7.inc covered with moixiuiy exactly in tlio 
saTiic ■way as iho y.inc in that retort is covered ; 
and if 3^ put this plate intosulpliuric acid .T get 
no gas, but tliis most extraordinary thing oc- 
curs, that if I intiwluco along with the ^inc an- 
other metal which m not so combustible, then 
I rcpi-otluco all the action. I am now ;^oingto 
put to the amalgamated Kinc in thi.'i rolort some 
portion-s of copper wire (copper not being so 
combustible a metal as the xinc), and observe 
liow I get liydrogcn again, as in the fir.=it in- 
stance; there, the bubbles arc coming over 
througli the pncumatio traugli, and ascending 
faster and faster in the jar ; the zinc now is act- 
ing by reason of its contact witli the copper. 
. I'lvcry step ^ve are now taking brings us to 
a, knowledge of )iew phenomena, 'i'liat liydro- 
gen which you now sec coming off so abun- 
dai5lly docs not conic from the zinc, asl it did 
before, hut from the copper. I [ere is a jar con- 
taining a solution of copper. If 1 put a piece 
of this amalgamated /.inc into it, and leave it 
there, it lias scarcely any action ; and hci'o is a 
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plato of platinum which J! will immerse in tlio 
saino sohition, antt might leave it there for 
lioHre, da) s, months, oi oven ycai'S, and no ac- 
tion woiild take place , Imt, by putting thcni 
both togotlici, and allowing them to touch 
(/(/. 44), you sec what a coating , of copper 
there is jmniediatcly thrown down on the pla- 
tinum. AVhy is this? 'I'ho platinum has no 
power of ifHolf to reduce that metal from that 
fluid, but it has, in some mysterious way, I'c- 
ccivcd this power by its conlact with tlic metal 




Kinc. Ifcrc, then, j'ou b(f i slnufc tnn<.f<i 
of chemical force from one metil to mothoi , 
tho chemical force froni the /inc )s tnnsfeiicd 
and made over to tho pKjmum by the mcio 
association of the two mctils I might tnl c, 
instead of tho platinum, a piece of co]>pa oi of 
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silver, and it would Imvo no action of ils own 
on tliis solution, but tho mon\c!it tlio zinc wns 
introduced aTid touclicd the otlicr metal, then 
the a(3tion would take place, and it would l)e- 
como covered wiitli copper. Now is not tliis 
most wonderful and beimtifHl to sco? We 
stilt Jiavo the identical clicmicid force of tlio 
particles of y.inc aetinj;, and yet, in some atrnngo 
manner, we have power to niako that chemical 
force, or sonrctliing it produces, travel from one 
place to another ; for we do make tho chemical 
force travel from the zinc to tho platinum by 
this very curious experiment of using the two 
metals in tho same fluid in contact with csch 
other. 

T,ct us now examine these phenomena a lit- 
tle more closely. Here is a drawing (Jig. 45) 
in which X have represented a vessel contain- 
ing tl\c acid liquid and tho slips of y.nw and 
platinum or copper, and \. have shown them 
touching each otlier outside by means of a wire 
coming from each of them (for it matters not 
wliethev they touch in the fluid or outside; 
by pieces of metal attached, tlioy still, by that 
communication between them, have this power 
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tiwisfcrrcd from ono to the otlicr). Now if, 
instead of only using one vessel, as f liavc 
shown llicrc, I take another, and aiiotltcr, and 
put in yAno and platinuin, Kinc and platinum, 
i'.inc and platinum, and connect the platinum 
of one vessel with the zinc of another, the pla- 
tinum of this vessel \vith the y.mo of that, and 
so on, wo should oidy bo using a sevics of these 
vessels instead of one. 'J.'liis wo liavc done in 
that arrangement M'hich yon sec behind mo. I 
am using ^vhat wc call a Grave's voltaic bat- 
tery, in -winch one metal is nine and the other 
platinum ; and 1 have as many as forty paira 
of these plates all exercising their force at once 
in sending the whole amount of chcmieal pow- 
er there evolved through these wires under the 
floor and up to these two rods coming tliTOiigh 
the table. We need do no more than jtist 
bring these two ends in contact, when the spark 
shows us what power is present; and what a 
strange thing it is to see that this foree is 
brought away from the battery behind me, 
and earned along through these wircal X have 
licro an apparatus (JiaAS) which Sir Hum- 
jjhroy Davy constructed many yoars ago, in or-. 
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tier to SCO wlictlici tlu-, pouci liom tlic voltaic 
baUciy ctuscd bodus to atliict cneli ijtlicr iii 
tlio himo imiiKci is tlio ouliiniy cloctiieity 
tlid. lie imdc it in oulci to c\pciimcnt with 
his laigt, ■\oItaio batlcij, which \\is tlio most 
powcifn! then in existcneo. Y"oii sec there arc 
ill this glass jnr two leaves of gold, wliicli J: can 
cause to move to ami fi-o by this! rack-work. I 
will connect each of llicsc gold leaves with scp- 
arato ends of tliis battery, and if I Iiavo a suf- 
ficient iminbcv of plates in the battery, X shall 
be able to show you that tlicro will bo some at- 
traction between those leaves even before tlicy 
Gomo in coiitact ; if, I bring them sumciently 
near when they arc in communication with tho 
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eiitls of the battery, they will bo drawn gently 
together; and you will know when this takes 
place, because the power will cause the gold 
leaves to l)uni nway, which they coukl only do 
■when they fouehcd each other. Now X am 
going to caxiKC these two leaves of gold to ap- 
pvoacli gradually, and T have no doiibt that 
some of you will sec tliat they a])proach before 
they burn, and those who arc too far oif to sco 
tlicm approach -will see by their burning that 
they have come together. Now they arc at- 
traetiug each other, long before the connection 
is complete, and there they go I burnt \ip in 
that brilliant flash, so strong is the force. You 
thus SCO, from the attractive force at the two 
ends of this battery, that these arc really and 
truly electrical phenomena. 

Now let us consider what is tins spark. I 
take these two ends and bring them together, 
and there 1 get this glorious spark like the sun- 
light in the heavens above ns. What is this? 
Tt is the same thing which you saw when I dis- 
charged the large electrical maehine, when you 
saw one single bright flash; it is the same 
thing, only contimied, because here we liavo a 
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moi'c effective iirrnngcniont. Instead of having 
a macliinc \vhich wo arc obliged to ttivii for a 
long time together, wo have hcra a chemical pow- 
er wliich sends forlli the spark ; and it is wou- 
ilcrful and beautiful to sec bow this spark is 
carried about tliTOUglt these wires. I want yon 
to perceive, if possible, that this very spark and 
llic licat ifc produces (for there is beat) is nci- 
tbcr more noi- less than the choinieat force of 
the j',inc----ils veri/ force carried along ivires and 
conveyed to this plaeo, 1! am about to take a 
portion of tlic zinc and burn it in oxygen gaa 
for the sake of showing yon the liind of light 
produced by the actual combustion in oxygen 
gas of sonic of thia metal. jA tassel of Jiinc- 
foil ^yas ignited at a spirit lam]) and iutroduccci ' 
into a jar of oxygon, when it burnt with a bril- 
liant light.] 'I'liat shows you wliafc the aflinity 
is wheii we come to consider it in its energy 
and i^owcr. And the /.inc is bciiig burned in 
the battery bcliind ino at a much more rapid 
rato Uian yon see in that jar, because the Mino 
is thovo dissolving and hurnint/, and produces 
here this great electric light. Tliat very same 
power which in that jar yon saw evolved from 
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the actual combnsUoTii of tlic nine in oxygen, i« 
carried along them wires and made evident, 
lici'o ; aniT you may, if you please, consider that 
the Kino is burning in tlioso cells, niid Uiat Ihis 
if) the light of that burning (bringing tlie two 
poles in contact and showing the electric iig!it| ; 
aiul wo might so arrange our apparatus as to 
show tliat the amounts of power evolved in ci- 
ther case are identical, i laving tluw obtained 
power over the ehoinical force, liow wonderful- 
ly wo arc able to convey it from place to place ! 
Wlien wo use gunpowder for explosive pur- 
jioscs, wc can send into the mine chemical aOlin- 
ity by means of this electricity ; not having pro- 
vided five beforehand, wc can send it in at the 
moment wo I'cquiro it. Now hero {Ji;/. 47) is 
ft VCS.S0I containing two chai'coat points, and I 
bring it forward as an illustration of the won- 
derful power of convoying this forco from place 
to place. I have merely to connect these by 
jneaiis of wires to the opposite ends of the bat- 
tery, and bring the points in contact. See what 
an exhibition of force wc have I Wo have ex- 
hausted the air so tliat the charcoal can not 
burn, and tlioi'eforo the light you see is really 
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the bttiTiing of tlio zine ia tbo ccIIm behind me; 
there is no disappearance of tho carhoii, al- 
though we have that giarious otectric light ; and 
tlie moment X c\it off tho connection it stops. 
Horo is a better instance to enable some of you 
to me the certainty with which we can convey 
this force, where, under oi'dinary ciroumstances, 
chemioal affinity would not net. We may ab- 
soltttely take these two charcoal poles down 
under water, and get onr electric light there. 
There they are in the water, and you ob^rve, 
when I bdng them into connection, we have the 
Bamo light as we had in that glass vesacl. 
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Now, besides this production of liglit, wo liavo 
all the other cfFcclfi and powcra of burning s',ine. 
I have a few wires Sicro which arc not con\bns- 
tiblc, and I am going to tako one of them, a 
small platinum wire, and suspend it bct\vecn 
these two rods which arc connected with the 
battery, and whcii contact is made at the bat- 
tery sec what beat we get (/^. 48). Is not that 




beautiful? It is a eomplete bridge of power. 
'I'licrc is metallic connection al! the way round 
in this arrangcjncntj and where I have itiscrtcd 
the platinum, which oiTcrs some resistance to 
the passage of the force, yon see what an amount 
of heat is evolved ; this is the heat \vhich the 
Kino would give if burnt in oxygen ; but, as it is 
being burnt in the voltaic battery, it is giving it 
out at this spot. 1 will now shorten this wire 
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for tlio Hnko of sliowijig you tlmt, the shorter 
Uic obstructing ■wire is, tlio mom and more in- 
tense is tlio licat, \inlil at last our platinum m 
fused and falls down, breaking olV the dreuit. 

Here is anotlicr instance, l will take a ])ieco 
of the ]nctal silver, and place it on charcoal 
connected with one end of the battery, and 
lower the other charcoal pole on to it. Sec 
liow bnlliantly it burns! {/iff. 49.) ilcrc is a 




piceo of iron on the elm coil see wliat a com- 
bustion ia goinij on, md wo nnf^ht go on in 
tins way, burning almost every iluTig wo place 
between the poles. Now T want to show you 
that this power is still chcinieal afiinity ; that 
if wc call the power which is evolved at this 
point heal, or ehclricity, or any other name re- 
ferring to i(s source, or tho way in which it 
travels, wo still shall find it to bo chemical ao- 
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tioii. Here is a colored liquid which can show 
by ita change of color the cficclii of chctnical 
action ; \ \v\\l pour part of it into this glass, and 
yon will fiiid tlmt these wifcs have a very 
sli'ong action. I am not going to show yon 
fiTiy effects of conibiistion or heat, but i will 
take these two platinum plates, and fasten one 
to the one pole and the otiicr to the otlier end, 
and place them in tliis solution, and in a very 
short tinio yoii will sec tlio bluo eolor will be 
entirely destroyed. Sec, it is colorless now I 
I liave mcicly brought ilie end of the imics 
into the solution of intligo, nnd the powei of 
elcetneitj )ns come tluou„K these \un,s tnd 
made itself evident by its eheniietl netion 
Thcra is also ^nofhcI cuuous tliinj, to be no 
ticcd now ^\o aio deilnig Mith the ehcniistiy 
of elcctrieit), ^\hlch ih, thitthoHicmictlpowci 
which destroys the color in only due to the ac- 
tion on one side. 1 will pour some more of 
this snlphindigotie aeid('*) into a flat dish, and 
will tlicn make a porous dike of sand separat- 
ing the two portions of fluid into two parts 
{fig. 50), and now >ve shall be able to see 
whetlicr there is any difference in the two 
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ends of tlio btiUcry, iiiid wliich it is that pos- 
sesses tills pcciiliav 'iction You bcc it is the 
one on my v\ lit hmcl \^lllch Ins the power of 




destroying the blue, for the portion on that sido 
is thoroughly bleached, while nothing lias ap- 
pavently occurred on the other side. ]' say 
apparently, for yow must not inia{>ino that be- 
cause you can not povccivo any action none 
lias taken place. 

Hero wc bavo another instance of ehcmieal 
action. I take those platinum plates again and 
iiiiincrsc tlicm in tliis sohition of copper, from 
which wc formerly precipitated some of the 
metal, when the platinum and nine were both 
put in it together. You see that these two 
plathiiun plates have no chemical action of any 
kind; they might remain in the solution «m 
long as I liked, without having any power of 
themselves to reduce the copper; but the mo- 
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mcnt :i: bring tlic two poles of the baltcFy in 
contact witli tlieiii, tUo clicniical action wliicli is 
tlicro transformed into electricity and carried 
along tko wires again bccoines cUcniical action 
at tlic two plaliniini poles, and now we Bliall 
have the power appearing on tho left-hand 
side, and throwing down ttie copper in the me- 
tallic state on the platinum plate; and in this 
way 1 might give you many instances of the 
extraordinary way in which this clicmical ac- 
tion or electricity may be carried abont. Tliat 
strange miggct of gold, of whicli tlierc is a mod- 
el in the other room, and which lias an interest 
of it« own in tho natural history of gold, and 
which eamo from Uallarat, and was worth 
X8000 or X9000 when it was melted down 
last November, was brought together in the 
bowels of tho earth, perhaps ages and ages ago, 
by some sucli power as this. And these is also 
another beautiful result dependent upon chem- 
ical aflinity in that fmc lead-trco(*'). the lead 
growing and growing by virtue of this power. 
'J.'he lead and the xinc are combined together in 
a little voltaic nvi'aTigcmcnt in a manner far 
more in\portant than the poworfnt one yousee 
T, 
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licro, because in nature tiicso iiiiimtc actions arc 
going oil foKvcr, and arc of great and wonder- 
ful importance Jn tSio precipitation of inct'als and 
formation of iniTicral veins, and so forth. ^Ohcso 
actions arc not for a limited linio, like my bat- 
tery Jierc, but tlicy act forever in small de- 
grees, accnmulating more and more of the re- 
sults. 

T liave lierc given you all tlic illustrations 
that time wili permit mo to sliow you of clicm- 
jcal affuiity producing electricity, and electric- 
ity again becoming clicniical allinity. Iictthat 
suffice for the present ; and now let us go a lit- 
tle deeper into the subject of this chemical foixjo, 
or this electricity- —which shall I iianio ilrst — 
the one producing tho other in a variety of 
ways. These forces aro also wonderful in their 
power of producing anotltor of tire forces wo 
liavo been considering, namely, that of magnet- 
ism ; and you know that it is only of late ycara, 
and long since T was born, that the discovery 
of the relations of tlicso two forces of electricity 
and elicmical affmity to pi-oduec magnetism 
Imvo become known. Philosophers had been 
suspecting this aHlnity for a long time, and had 
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long liad great liojics of success; for in llic 
[>uvBuit of science wo firat stavfc with hopes a»cl 
expectations; these ^vc realize ami establish, 
never again to ho lost, and upon them wo 
found Jicw cxpcctfltions of farther discoveries, 
and so ^o on pursuing, realizing, establishing, 
and founding new liopcs again and again. 

Now observe tins : here is a piece of wire 
whlcli I am about to make into abridge of foixic, 
that is to say, a commiuiicator between the two 
ends of the battery. It is copper ^vil•o only, 
and 18 tlicreforo not jnagnctio of itself. Wo 
will cxamiTic tliis wire with our magnetic needle 
{fiff. 61), and, though connected with oi\e cx- 

I-ig. Bl. 




trcmc end ol llic baltery, yon kcc tliat before 
tho circuit is completed it has no power over 
tho magnet. But observe it when I make con- 
(act; watch the needle; sec how it is swung 
roimd i and notice how indifferent it becomes if 
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.1. break coiifact again ; so, you sec, wc have this 
wiro evidently affcctiTig tlic magnetic nce<llo 
under these cii'cuinstanccs. !l.iCt nie show yoii 
that a little move strongly. 1 have licre a quan- 
tity of wire wliiclr has been wound into a spiral, 
and this) will aficct the magiretio needle in a very 
cnrioiis manner, becansc, owing to its shape, it ' 
will act very liko a real magiict The copper 
spiral has no power over that magnetic ncedio 
at present; but if I cause tho electric current 
to eirculatc through it, by bringing the two 
ends of the battery in contact with the ends of 
the wire which forms the spiral, wliat will hap- 
pen? Why, one cud of the needle is most 
powerfully drawn to it ; and if 1 take tho other 
end of the needle, it is repelled ; so, you sec, I 
have produced exactly tlie same phenomena as 
I had with tlic bar inaguct, ono cud attracting 
and the other repelling. Ts not this, then, cu- 
rious to SCO that wc can construct a magnet of 
copper? .1.i'nrtlicrmoro, if I take an iron bar, 
and put it inside the coil, so long as thoro is no 
elcctic current circnlating round, it has no at- 
traction, as you will olKcrvo if I bring a littlo 
iron fdings or nails near tho iron. T!ut now, if 



iiM=.i>,Googlc 



]';l,KC"rH0-MAONKTISM. 1 65 

I raako coi\tflct with tlio battery, tlicy aro attract- 
ed at oiico. It becomes at once a powcrAil mag- 
net, so nmcli so that I should not ^¥■onclcr if these 
maj;nctic needles on different parts of the tabic 
pointed to it. And T will show you, by anoth- 
er experiment, what an attraction it lias. 'J'his 
piece and that picco of iron, and many other 
pieces, arc now stronpl y attracted (firi.&9,)\ but. 




s I break contact, the power is all gone, 
and they fall. "What, then, can be a better or a 
stronger proof than this of the relation of the 
powci^ of magnetism and electricity? Again : 
hero is a little ]>iccc of iron which in not yet mag- 
nctiKctl. It will not, at present, take up any one 
of these nails; buti will fake apicccof wire and 
coil it round Urn iron (the wire being covered 
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with cotton in ovory pavt it dociS not touch the 
iron), KO that tlio Guvrcnt must go round in this 
spiral coil ; X am, in fact, preparing an el/xiro- 
magnet (wo arc obliged to use such terms to ex- 
press our moaning, because it h a magnet made 
by electricity — because wo produce by the foreo 
of olcetrieity n, magnet of far greater power than 
a permanent steel one). It is ])0w completed, 
and I will repeat tlio . experiment which you 
saw the other (lay, of buikliTig uj) a bridge of 
iron naila : the contact is now made and llic 
current is going through ; it is now a ])owcrful 
magnet; hero arc the iron nails which wo had 
the otlicr day, and now I have brought this 
magi\ct near them they arc cliiigiTig so hard 
that 1" can scarcely move them with niy hand 
{fti/. 63). Hut wlicn the contact i.s broken, sec 
how they fail. Wliat can show you better 
than such an experiment as this the magnetic 
attraction \vith whicli wo havo endowed tlieso 
portions of iron? Hero, again, is a fine illus- 
ti-ation of this strong power of magnetism. It 
is a magnet of the same sort as tlio one you 
havo just seen. I am about to mako the cur- 
rent of electricity pass through the wirea which 
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are round this iron for the purpose of showing 
yoa what powerful effects we get. Here are 




the poles of the magnet ; and let ua j 
one of them this long bar of iron. You see, aa 
soon as contact is made, how it rises in position 
{fig. 54) ; and if I take such a piece as this 
cylinder, and place it on, woe be to me if I get 
my finger between ; I can roll it over, but if I 
try to pull it off, I might lift vip the -whole 
magnet, but I have no power to overcome 
the magnetic power which is here evident. I 
might give you an infinity of illustrations of 
this high magnetic power. There is that long 
bar of iron held out, and I have no doubt that 
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if 1 were to cxamino the other ciul I should 
fnul that it was a magiict. Sec what power it 




iiiiist ]i i\o to siippojt not only thtso mils, but 
all those Imnps of iion lnnginj> on to the end 
AVhit, then, can siupa^s these eMcknccs of the 
chanfjc of ehcinieal fovco nifo electricity, and 
electricity into rriaffnotistn 'i^ I might show yon 
many other experiments whereby I conkl ob- 
tain clcotiioity and ehomieal aetion, heat and 
light front a magnet, but what more need T 
sliow you to i)rovc the universal correlation of 
the phyHieal foi'ccs of nialtor, and their mutual 
conyoi'sion one into another? 

And now let ns give ])laco as juveniles to 
the respect wo owe to our cldci's, and for a 
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time let ]iic address myself to those of our 
sciiiorii who Imvo honored mo with their prcB- 
ciicc during tlicsc IcoturcB. 1 wish to claim 
tliisf Hiomont for the purpose of tendering our 
tlianks to thent, ami my thankn to you all for 
the -way in which you have borne tho incon- 
venience tliat i at firet suhjectctl you to. i 
hope that tho insight which you have here 
gained into sonio of the laws by which the 
univcrso is governed, jnay be the occasion of 
some among you turning your attention to 
tlicso subjcefs; for ^vhat study is there more 
fitted to the mind of man than that of llie 
l)hysical sciences'/ And what is there more 
capable of giving him an insight into the ac- 
tions of Uioso laws, a knowledge of wliieh gives 
interest to tho most trifling phenomcnoix of 
nature, and makes the observing student find 

"TonRiiCK in trees, Imoks in llio ituiiiinK biooka, 
Scniioiis in sloiies, ami gooil in uvery liiiiiR?" 
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LTGIIT-HOUSIC ILLUMINATION- THK 
iCL]<:C'l'l«0 LIGHT. 

lJ)elieere<l before the Uo'jid /nstlMlon on I-\UI'<>), OlA Minc/i, 
18G0.] 

TliKiHO is 110 part of my lifo which fiivcs mo 
more delight than my connection with the 
'J'rinity Jtousc. '.I.'lic occupation of iiationst 
joined togctl\cr to guide the mariner over the 
sea, to all a point of great interest, is iiiflnitcly 
more so to tliosc wlio arc concerned in the op- 
erations winch tlicy carry into cficefc, and it cer- 
tainly has astonished me since I liavo been con- 
nected ^Yith the 'J'rinity Ifousc to sec how hcan- 
tifnUy and how woudcrfuUy shines forth among 
nations at large the desire to do gootl ; and yon 
will not regret liaving como hcTO to-night if 
you follow )ne in the various attempts which 
have been made to cany out the groat object 
of guiding in safety all people mross the dark 
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aiid dreary waste of waters, li is \voiKlGrfiil to 
tliiiik Itow eagerly cfTorts at improvement are 
made by tlic various public bodies- -tlio Trinity 

i!.OHSC in tliis eoiintiy, and commissions in 
France and otlier nations ; and, wliilo the inv 
provcmenls pro^-vrcss, we conic to the Icnowl- 
cdge of siicli eurionsj diflieultics, and sncli odd 
modes of gettitifj over those dilTicultics, as arc 
not easy to be conceived. 1 nmst ask yon tliis 
evening to follow me from the simplest possible 
method of giving a sign by means of a light to 
persons at a distance, to the modes at which we 
have arrived in the present day, and to con- 
sider the dilTicultics wliieh arise when carrying 
out these improvements to a practical restdt, 
and the extraordinary care wliicli those who 
have to judge on those points must take in or- 
der to guard against the too liasty adoption of 
some fancied iiTiprovemcnt, thus, as has Imp- 
poncd in some few eases, doing liarm instead 
of good. 

If I try to make you undci-stand these thin^, 
partly by old models and partly by those which 
we have here, it is only tliat T may the better 
bo enabled to illustrate that which I look for-. 
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ward to ns the luglicr modo of lighting, by 
means of the clcctvio lamp and tlic lime light. 

There is nothing more sinijilo thati a candle 
being act clown in a cottage window to guide a 
liUxsband to liis liomc, but wlicn we want to 
maltc ft similar guide on a large scale, iiot mere- 
ly over a river or over a moor, but over large 
expanses of sea, how can ive then make the sig- 
nal, using only a candle ? I have shown in this 
diagram {fig. 65) what we may imagine to be 




the rays of a candle or any ot!\er source of liglit 
emanating fi-om the centre of a sphcrc in all di- 
rections voiuid to JTiAnito distances. After this 
simple kind of light had been used for some 
time, it being found to be liable to be obscured 
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by fo^Sj or distanco, or otlior ehxjiiii^tancc, tltcro 
arose t!io attempt to make larger lights by means 
of firca ; and after that thcro was introduecd a 
very important rcAnementin the mode of deal- 
ing with tlic liglit, namely, the principle of rc- 
Ocction ; for understand this (whieh is not 
Icnowii by all, and not known by many who 
should ]<now it), ttiat when wo take a sourco 
of light— -a single candle, for instance, giving oft' 
any quantity of light, wo can by no means in- 
ercaso that hght; we can make arrangcmenla 
around and about the light, as you see here, but 
wo can by no moans increase the quantUy of light, 
'i'lio utmost .1 can do is to direei the light which 
the lamp gives mo, by taking a ccrfain portion 
of tltc rays going off oti one side and reflecting 
thcnt on to the course of the rays \vliieJi issue 
in tho opposite direction. Jrirst of all, let vh 
consider how wc may gJtthcr in the iviya of light 
whioli pass off front tiiis candio. You will eas- 
ily see that if J! could take tho half rays on the 
one side, and could send them, by any eontriv- 
anco, over to the other sido, I should gain an 
advaiitago in light on tho aide to which I di- 
rected thoin. '.L'liis is eftocted in a beautiful 
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manner by tlic parabolic jnirror, by jnoiin.'S of 
which 1 gather all that portion of the raya 
which arc included in it-— upward, downward, 
sideways, any -where within its sphcrc of ac- 
tion, tlicy arc all picked up and sent forward. 
You thus SCO what a beautiful and ijnportaut 
invention is that of the parabolic rcHcctor for 
throwing forward the rays of Jight. 

.Before I go farther into the subject of reflec- 
tion, lot mo point out a farther mode of deal- 
ing -with the direction of tho light. I'or in- 
sfaneo, licrc is a candle, and I ean employ tlic 
principle of vcfradion to bond and direct the 
rays of light, and if I want to increase the light 
in any one direction, T must cither fako-a re- 
flector or use the principle of refraction. I 
will place t)ii3 lens {fifj. 66) in front of the can-' 




die, and you will easily see that by its means 
1 can throw on to that sheet of paper a great 
light; that is to say, that instead of tho light 
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being tlirown all about, it is refmcled and con- 
centrated on to tliat paper ; so hero I have an- 
otlicr means of bending tlio light and sending 
it in one diix;clion ; and yOH sec above a still 
better armngcmcnt for the same purpose — one 
wliich coiiioi Tip to the maximum, I may say, 
of the ability of directing Jight by tliia means. 
You arc awavo that without that arrangement 
of glass the light would be (lispcrscd in all di- 
rections, but the lens being there, all the light 
which pasHcs through it is thrown into parallel 
beams and east horizontally along. 'I'heix) is, 
consequently, no loss of light; the beam goes 
forward of the same dimensions, and will con- 
sequently continue to go forwaitl for five or 
ten miles, or so long as the imperfection of 
the atmospliere docs not absorb it. And sec I 
what a glorious power that is, to bo able to 
convert what was just now darkness on that 
paper into brilliant light I 

Whenever we have rcfi'action of this sort, wo 
arc liable to an evil consequent upon the neces- 
sary imperfections in the form of the lens; and 
j)r. 'I'yjKkU will take this lens, and will show 
you, even in this small and perfect apparatus, 
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w]i,it is tho evil of splicvioal abci-ration with 
wliieh wo liavc to figlit. 'I.'his can bo illus- 
ti'ftled by means of tho clcctiic lanip. If you 
look at tho screen, you ■will see produced, by 
nicans of thia lens, a figure of tlio coal points. 
'I'liis imago is produced by the rays winch pass 
tliraugh the muklk of tho lens, a piece of cawl, 
with a hole in tl>c centre, being placed in front ; 
but if, keeping the rest of the apparatus in tho 
same position, I change this card for another 
piece wiiich -will only allow the rays to pass 
through tho edge of the lens, yon observe how 
inferior tho imago will be. In order to get it 
distinct, I liavo to bring the screen much near- 
er the lamp ; and so, if I take away the card 
altogether, and allow tho light to pass through 
all parts of the lens, wo can not get a perfect 
imago, because tho different parls of the lens 
arc not able to act together. This spherical 
aberration is, tliercforc, what wo try to avoid 
by building tip compQund lenses in the man- 
ner here shown {Ji(/. 68). liook at this beauti- 
ful apparatus ; is it not a niost charming piece 
of workmanship? Bnffon iimt, nnA Fresno! 
afterward, built up these kind of Icnsc.'i, ring 
M 
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witliin ring, cacli nt its proper ftdjustmcnt, to 
coinpcnsatc for tlic cftccta of spherical aberra- 
tion ; tlic riiijj round tliat centre lens is ground 
KO as to obviate wliat ^vowld otherwise give rise 
to spherical aberration, and, the next ring be- 
ing eorrcetcd in the same manirer, you ■will per- 
ceive, if yow look at the disc of light thrown by 
the apparatus up stall's, that there is notliiiig 
hke the amount of aberration that there wonld 
liave been if it had been one great buUVcyc. 
Hero is one of Ii'rcsncl's lamps of the fourth or- 
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dcr so constructed {fig. 57) : obsci'vc the fine 
cITccfc obtaiiiccl by tlicsc dilTcrcnt lenses an you 
sec tlicm rcvolvo boforo you, and understand 
that all tiiifi upper part is mado to form part of 
the lens, each prism tlirowitig its rays to in- 
crease tlie effect ; and although you may think 
it is imperfect because, if you happen to sit be- 
low or above the horizontal line, you perceive 
but little, if any of the light, yet yon must bear 
in mind that wc want the rays to go in a 
straight lino to the horizon; so that all that 
building up of rings of glass is for the purpose 
of producing one fine and glorious lens of a 
largo size to send the rays all in one direction. 
Here is another apparatus used to pull the rays 
down to a horizontal sheet of light, so that the 
mariner may see it as a constant and uniform 
fixed light; the former lamp is a revolving 
ono, and the light is seen only at certain times 
as the lenses move round, and these arc the 
points which inako them valuable in their ap- 
plication, 

There arc vavio\is orders and sines of lights 
in light-houses to shine for twenty or thirty 
miles over the sea, and to give indications ac- 
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cording to tlio pnvposes for which thoy arc re- 
quired ; but suppose we want moix) effect limn 
is produced by these means, Jiow aixs wc to get 
more light? Hera comes the difliculty. AVo 
can not get more light-, because wc are limited 
by the condition of the burner. In any of these 
cases, if the spreading of tlio ray, or diveiyence, 
m it is called, is not restrained, it soon fails from 
weakness; and if it does not diverge at all, it 
makes.thc liglit so small that perhaps only one 
in a hundred can see it at the same time. The 
South It'orciand light-house is, I think, 300 or 
'100 feet above tlic level of the soa, and tlicix)- 
fore it is necessary to have a certain divergence 
of the beam of light in order that it may shine 
along the soa to the horizon. I have drawji 
licTO two wedges: one lias an angle of 16", and 
shows you the manner in which the light opens 
out from this reflector, scon at the distance of 
half ft mile or more ; tho otlier wcdgo has an 
angle of 6°, which is tho bcantifiil anglo of l>'rcs- 
ncl. When tho anglo is less than 6°, the mar- 
iner is not quite sure that ho will seo the light 
—he maybebeneaib or above it j and in prac- 
tice it is found that we can not have a larger 
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atiglo tlmii Ifi", or j* loss ono Uian 6". In or- 
der, therefore, to get tiioro light, wo must liavo 
more combustion, more cotton, more oil; but 
ah-cady there arc ii\ tliat lamp four wieka, pnt 
in concentric riiiga one within tho other, and 
■wo can not increase them much more, owhig to 
tlio divergence wliich ^v■onld be caused by an 
increase in tlic Hize of the hght ; the more the 
tlivci'gcnce, the more the Hglit in diffused and 
lost, "We are thcreforo restrained by tlie con- 
dition of tho h'glit and the a])paratii9 to a cer- 
tain sized lamp. At 'I'eignmouth some of tlio 
revolving liglits have ten lamps and reflectors, 
all throwing tlicir light forwawl at once. But 
. even with ten lamps and rodeetors wo do not 
get suflicient liglit ; and wo want, therefore, a 
means of getting a light more intense than a 
candle in the space of a candle - -not merely an 
accumnlation of candlo upon candle, but a con- 
centration into tho space of a candle of a great- 
er amount of light, and it is hero that the clee- 
trio light comes to bo of so nrach value. 

Lot mo now show you what aro tho proper- 
tiea of that light wliich make it useful for light- 
Jiouse illumination, and which has been bronght 
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to a practical condition by tlic energy and con- 
sfancy of rrofcssor Holmes. I will firet of all 
sliow you tlio imago of the charcoal points on 
tho screen, and draw yonr attention to tlio spot 
where tlio light is produced, 'I'Iicto arc the coal 
point*!. 'I'Jic two carhons arc brought ^7ithin a 
certain dititance ; the electricity is being urged 
acros.^ by the voltaic battery, and the coal points 
arc brought into an intense state of ignition. 
Yoii \vill observe that the light is essentially 
given by the carbons ; you sec that one is much 
more luminous than tlie other, and that is the 
end which principally forms the spark; the 
other docs not shine so much ; and there is a 
space between the two which, altliough not 
very luminous, is most important to tho pro- 
duction of the light. Jir.Tyndall will help mc 
in showing you that a blast of wind will blow 
out that light; the ciccti'ic light can in fact be 
blown out easier than a candle. Wo have the 
power of getting our light where we i}lcase, J f 
- 1 cause the electricity to pass between carbon 
and mercury, I get a most intense and beauti- 
fid light, most of it being given ofl" from the 
portion of tho mcrciiry between tl»c liquid and 
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tho solid pole. I can show you tliat tlio light 
is sometimes pvoduced by tho vapov bctweoii 
tho two poles better if I take silver tba6 when 
I use mcrcuiy. Hero is tho carbon pole, tlici-e 
is the silver, «n<l thci'c is tlio beautiful gi'ccii 
light whicli con\e3 from the intervening por- 
tions. Now that light is more easily blown out 
than the common lamp, the slightest puff of 
\vind being siiflieicnt to extinguish it, as you 
will see if .Or. 'L'yndall breathes npon it. 

You sec, therefore, how wc arc able, by using 
this electric spark, to get, first of all, the light 
into a very STnall space. That oil lamp has a 
burjier 3 J inches in diameter ; compare the sine 
of the flame with the space occupied by this 
electric light. Next eompai-c the intensity of 
this light with any other ; if I take this caTidle 
and place it by the side, I actually seem to put 
out the candle. Wc arc tlnis able to get a 
light which, while it surpasses all otKci-s in bril- 
liancy, is at the same time not too large, for I 
might put this light iiito an apparatus not 
larger than a hat, and yet I could count npon 
tho rays being useful. Moi-eover, when such 
large buvnoi-s are used in a lantern, we have to 
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consider wliotkcr t]>o bai-s of the window tlo not 
iiitcrfcj-c to throw a. shadow or othorwisc; but 
with this liglit there will bo no diniculty of that 
Kort, as a single small spccuhiin no larger than 
a ]mfc will send it in any dircetion wo ploaso; 
and it is wonderful wliat advantages, by Mason 
of its small bulk, wc Imvo in the consideration 
of the diflerent kinds of jipparatua required, re- 
flecting or refracting, irrcsj[)cctivc of other tea- 
sons for using the electric light. And it is 
these kintl of tilings which make us decide most 
earnestly and carefully in favor of the electric 
light. 

I am going to show you the effect that will 
take place with that large lens when wc tlirow 
the oil lamp out of action, and put the electric 
light into use. It is astonishing to find how 
little tlib eye can compare the rclalivo intensi- 
ties of two lights. liOok at that screen, and try 
to recollect the amount of light thrown upon it 
from tlie SJ inch lamp of I'^rosncl, and now, 
when wc shift, the lens sideways, ,look at tho 
glorious light arising from that small carbon 
point (fi'j. 58) ; see Iiow beautifully it shines in 
the focus of that lens, and throws the rays for- 
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■ward.' At puscnt the olcotiic lifflit is put nt 
just the same djshnco -is tlie oil lif^ht aiid 
tlicrcfoic beinf m tlic focxis of the lens w(. 
have panllcl 11) s w hich me thiow n fta wild m 
R perfectly stiaight line, aa you witl see by com- 
paring the HV/.C of the lens with that of the light 
thrown on the screen. Yon will now sco how 
far wo can affect this beam of light by increas- 
ing or (liiiiintshing the distance of the Inmp, 
We arc able, by a small atljustmeiit, to get a 
beam of a large or small angle, and observe 
what power I have now over it; for if I want 
to incroaso the degrees of divergence, I am lim- 
ited by the power of light in the case of the oil 
lamp, bwt \vith the electric light I ean make it 
spread over any width of the hori;;on by this 
siinplc adjustmeiit. '.i'Jicsc, tlion, arc some of 
the I'cnsons which make it desirable to employ 
the electric light. 
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By nicaiist of a magnet, and of motion, wo 
can get the saino kind of clcctiicity as I Imvc 
lici'C from tho battery ; and under tlic autliority 
oC tlie '.I'rinity House, TrofcKSor UolincH lias 
been occupied in introducing the niagnclo-clce- 
tric ligbt in tUc light-house at tlic Sonth Jf'orc- 
land ; for tlie voltaic battery has been tried un- 
der every conceivable eircumslanee, and I take 
tho liberty of saying it has liitlievto proved a 
decided failure. Hero, however, is an instrii- 
niont wrought only by mechanical motion. 'I'lie 
moment wo give motion to tliis soft iron in front 
of the magnet, wo get a sparlc. It is trnc, in 
this apparatus it is very small, but it is snfti- 
cient for you to judge of ita eliavactor. Tt is the 
magnelo-ekclfic light, and an instrument has 
been eonstrncted, as there shown {/iff. 69), 
which represents a number of magnets placed 
radially npoi\ a wheel-— thrco wheels of magnets 
and two sets of helices. When the juacliinc, 
which is woi'kcd by a two-horso power engine, 
in pi'opcrly set in motion, and the different cur- 
rents are all brought together, and thrown by 
Professor Holmes np into tiro lantern, wo have 
a light equal to the one we havo been using this 
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evening If'or the last six iiiontlis the South 

Itoichnd Ins hccn iihimng by mciiis of this 
clcotiio light— bcjoiul ill coinpniison bcftoi 
than Its former hght. It Jias shone into Jn-ancc, 
and lias been scon thoio and taken notice of by 
the antlioritics, wlio work with bcantiful accord 
with \ia in all these niatters. Wcver for onco 
(luring six months has it failed in doing its 
duty i never once— more than ^vas expected by 
the inventor, ^Et has shone forth with its own 
peculiar character, and this even with the old 
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apparatus, for as yot no attempt lias been mado 
to construct special reflectors or refractors for it, 
bccftiiso it is not yet cstablislicd, I will not loll 
you tliat the problem of employing tlio mag- 
neto-eleetrio sparlc for light-lionsc illumination 
is quite solved yet, altliouf^K I desire it sbould 
bo established most earnestly (for ,1 regard this 
inagnctio ssparJc as one of my own offspring). 
'i'lic thing is not yet decidedly accomplished, 
and wliat the considerations of cxpeiiso and 
other matterH may bo X can not tell. I am 
only licro to tell you, as a philosopher, liow far 
the results have been carried ; but I do hope 
that the authorities will And it a proper thing 
to carry out in full. If it can not bo introduced 
at all the light-houses, if it can only bo used at 
one, why really it ■will bo an honor to the na- 
tion which eaTi originate such an improvement 
as this- ono which must of necessity be follow 
ed by other nations. 

You may ask, What is the use of this bright 
light? It would not bo useful to us were it 
not for the constant ehangca whicli are taking 
place in the atmosphoi'c, which is never pure. 
JiJvon when wo can sec the stars clearly on a 
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bright night it is not a puvc atmosphere. '.I'hc 
light of a light-iionso, anorc than any other, isi 
liable to be dimnictl by vapoi'a and fogs, and 
wlncro wo most want tins great power is not in 
the finest conclitioii of tlic atmosphere, but 
when the mariner is in danger, when the sleet 
and rain are falling, and the fogs arise, and tho 
winds are bloiving, and ho is iicariiig coasts 
where the water is shallow and abounds witli 
rocks: then is his time of danger, when ho 
niost wants this light. I am going to show yon 
how, by means of a little "steam, I can com- 
pletely obsonro this glorious 8nn, this electric 
light which you sec. '.I'ho cloud now obscuring 
the light on tho screen is only such a cloud as 
you sec when sitting in a train on a fine sum- 
mer's day ; you may observe that the vapor, 
pa-ssiiig out of the funnel, easts as deep a shad- 
ow oil the ground as the black funnel ; the 
very >sun itself is extinguished by the steam 
fi'om the funnel, so that ifc can not give any 
light; and the sun itself, if set in the light- 
house, would not be able to penetrate such a 
vai)ov. 
Now the hai^e of this cloud of steam is just 
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wliat wc Imvc to overcome, ami the electric 
light is as soon, proportionally, cxliii^uishctl 
by an obstruction of this kind as any other 
light. If we take two lights, one four times 
the intensity of the other, and wc extinguish 
Jialf of one by a vapor, wc extinguish half of 
the other, and that is fi fact which ean not be 
set aside by any arrangement. But then wc 
fall back upon tlic amotmt of light which the 
electric spark docs give us in aid of the ]iower 
of penetrating the fog ; for the light of the clce- 
tvic spark shines so far at times that, oven be- 
fore it has arisen above tho hoiizon, twenty-five 
miles ort'j it can bo sccti. This intense light has, 
therefore, that power which wo ean take advan- 
tage of---of bearing a great deal of obstruction 
before it is entirely obscin'cd by fogs or other- 
wise, 

'J'aking caro that wc do ]>ot lead our author- 
ities into error by the advice given, wo hope 
that wo shall booti bo able to recommend the 
Trinity Jfouso, from what has jiassed, to estab- 
lish either ono or more good electric lights in 
this country. 
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NOTKS. 

hKGTUmi I. 
(') Fngo 13. 'I'lio opening loctiivo ^vrnt tw'ico 
postponed on account of J)r. Favntlay'K illness. 

(*) Pa^o 22. I'lalinxim, with one cxeeplion 

tiic licnvicst l)0(ly known, is 21^ tinios licavicr 
than water. 

if) Pago 22. Aluminium is 2J times lioavioi- 
than Avatcr. 

(■") I'agcs 23 and 21. ./'owe;- or propeflt/ in 
vmter. 'I'tiis powcv^thc licat by wliich tlio wa- 
ter is ltci)t in ajluid state — is said, under ordi- 
iinry circiinistaiicos, to bo latent or insensiOle. 
AVIien, however, the water changes ita form, and, 
by uniting with tlio linio or sulphate of copper, 
becomes solid, tlio heat which retained it in si 
liquid state is evolved. 



iiM=.i>,Googlc 



(*) Pa{50 23. Anhydroxts sulphate of copix^f : 
eulpliato of coppev deprived of its M-atcv of ovys- 
tHllixatioii. To obtain it tho bluo nulphato is cal- 
cined in an cavtlieii crucible. 

(*) Pago 29. Add a liUh liquid to the 'marble 
and decompose it. Slavblo is composed of ear- 
botiie aoid and Wiie, and, in chemical langxiagc, 
h called carbonate of Ihne. When Kiilpbuilo aotd 
is added to it, tiio carbonic acid is set free, and 
liio fiulpliuric acid unites with tlio lime to form 
Hiilphatcof lime. 

Carbonic acid, nnder ordinary civcnnistances, 
is a colorless invisible gas, about lialf as licavy 
again as air. !Dr. li'avaday first showed tliat un- 
der great pressure it could bo obtained in a liquid 
state. Thiloricr, a ]!'rench cliciuist, afEer^vard 
found that it could bo solidified. 



(') I'ago 66. Grystallization of alum. 'I'ho 
solution must bo saturated — that is, it must con- 
tain as much atum as can possibly be dissolved. 
In making tho solution, it is best to add powder- 
ed alum to hot water as long as it dissolves j and 
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wliCJi no inoro is taken up, allow tlic Kolutioii to 
staTul a few iniimtcs, and then pouv it off fi'oiu tlic 
tlin and inulissolvcd alum. 

(") Pago &1. -lied preeipitatc of biniacUde of 
mercury. A little cave ia neccssiiry to obtain this 
])vecipitato. 'J'lio solution of iodide of potassium 
should bo added to the solution of perclilovidcof 
mofcury (corrosi^'o sublimate) very gradually. 
'I'hc red procipitato wbicli fu'st fiiils is rcdissolved 
ivlicn the liquid is Rlivrod: when a Httlo move of 
tlio iodide of potassium is added a palo ved pvc- 
oipitato is formed, wliicli, on the iarthcv addition 
of (he iodide, changes into the brilliant scavlefc 
biniodide of niorcuvy. If too much iodide of po- 
tassium is added, the scarlet pvecipitato disap- 
poavs, and a colorless aolution is icft. 

(^) I'ago 5V. I'apei' coaled with acarlet Hnio- 
dide of mercury. In order to fix tho biniodide 
on paper, it must bo miwd with a little weak 
gum water, and then spread over the paper, 
which must bo dried without heat. 

./Hniodide of mercury is said to be dimor- 
phous ; that is, is iibio to assume two difteront 
forms. 
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coi'k of a Ijoltlo, and fnston a plato of «iiic voimd 
Ibcni just as tlioy issue from tlic cork, so tlmt the 
■/.ma niay*l)o in contact with ovciy one of the 
wires. I^Iakc the wires to clivorge ho as to form 
a Koi't of cone, and, having filled the bottle quite 
full of a solution of sugar of lead, insert the wires 
and cork, and seal it down, so as to perfectly ex- 
cUkIo the air. Jn a short time the inctallio lead 
will begin to erystalli/e around llic divergent 
wires, and form a bcatitiful object. 
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